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SLMMAEY 

The  Delaware  River  basin  service  area,  as  considered  in  this  report, 
occupies  a total  area  of  about  30,000  square  miles,  of  which  only 
12,865  square  miles  ere  in  the  basin  proper.  The  area  includes  parts 
of  Connecticut,  Delaware,  Maj.-yland,  New  .Jersey,  New  York,  and  Pennsyl- 
vania. Use  of  water  in  this  highly  important  region  is  increasing 
rapidly,  and  ground -water  supplies  constitute  a small  but  locally  very 
significant  part  of  the  total  supplies. 

The  Delaware  River  basin  service  area  occupies  parts  of  two  major 
physiographic  divisions,  separated  by  the  Fall  J^ine,  which  extends  north- 
easterly across  the  region  Wilmington,  Del.,  Philadelphia,  Pa.,  Trenton, 
N.  J.,  and  New  York,  N.  Y.  The  Atlantic  Plain  division,  or  Coastal 
Plain  as  its  emerged  part  is  called,  lies  southeast  of  the  Fall  Line. 

The  Coastal  Plain  is  underlain  by  a thick  wedge  of  seaward -dipping 
unconsolidated  deposits  of  alternating  permeable  aquifers  composed  of 
sand  and  some  gravel  and  relatively  impermeable  aquicludes  composed  of 
clay,  silt,  and  marl.  Northwest  of  the  Fall  Line  is  the  Appalachian 
Highlands  division,  characterized  by  ridges,  valleys,  uplands,  and 
plateaus.  The  bedrock  is  consolidated,  complex  in  comrjosition  and 
structure,  and  generally  yields  little  water  to  weU.s,  compared  to  the 
unconsolidated  aquifers  of  the  Cop.stal  Plain.  The  northern  half  of  the 
region  described  has  been  glaciated  and  in  places  contains  glacial  out- 
wash  which  constitutes  an  excellent  aquifer. 

As  a rough  approximation,  given  only  to  Indicate  order  of  magni- 
tude, the  potential  ground-water  supply  in  the  Coastal  Plain  part  of  the 
Delaweu'e  River  basin  is  considered  equal  to  the  ground-water  discharge 
to  streams — about  1,600  mgd  in  an  area  of  2,750  square  miles.  Because 
of  practical  limitations,  chiefly 'economic , it  is  estimated  that  only 
about  half  this  total--or  about  800  mgd — can  be  developed.  P esent  u.se 
(1951-56  average)  is  about  210  mgd,  but  the  net  ground-water  discharge 
is  even  less,  because  part  of  the  water  pumped  is  not  cons.nned  and  re- 
turns to  the  aquifers. 

Aquifers  in  the  nonmarine  sedii-ients  of  Cretaceous  age — the  lowest 
group  of  aquifers  in  the  Coastal-Plain  wedge  of  deposit.s — yield  the 
largest  proportion  of  the  total  ground-water  pumpage  at  present 
(slightly  more  than  half  in  195I-56),  but  the  deposits  of  .quaternary 
age  are  becoming  increasingly  important,  and  the  Cohansey  sand  offers 
perhaps  the  greatest  potential  for  future  development . 

As  in  the  Coastal  Plain,  the  potential  ground-water  supply  in  the 
Appalachian  Highlands  is  considered  equal  to  the  ground-water  discharge 
to  streams — 4,i)-00  ± 5OO  nigd.  However,  it  is  believed  that  only  a small 
frsu^tion  of  this  potential  S’jpply  can  be  developed  feasibly.  Instead, 
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development  of  surface-water  supplies  will  continue  to  be  dominant  in 
the  Highlands,  although  lajrge  ground-weter  supplies  may  be  developed 
locally,  as  in  the  glacial  outwash  along  some  ol  the  major  streams. 

In  many  places,  wells  developed  in  permeable  deposits  near  streams  may 
induce  recharge  at  rates  far  greater  them  the  natural  recharge  rate, 
emd  individual  sustained  yields  of  about  500-1,000  gpm  are  not  uncommon. 
Such  developments  of  large  ground-water  supplies  will  be  au  the  expense 
of  streamflow,  for  ground  water  and  surface  water  are  each  part  of  the 
same  total  resource . 

Ground  water  suitable  for  most  uses  may  be  developed,  at  least  in 
small  quantities,  almost  anywhere  in  the  basin.  In  th'  Coastal  Plain 
large  quantities  of  fresh  ground  water  can  generally  be  developed  ex- 
cept near  the  ocean  and  Delaware  Bay,  but  even  to  this  general  rule  there 
are  exceptions.  For  instance,  where  thick  impermeable  aquicludes  inter- 
vene between  the  salt  water  of  the  ocean  or  bay  and  fresh  water  of 
deeper  aquifers  sizable  supplies  of  good  water  can  be  developed — as  in 
the  "800-foot"  sand  at  Atlantic  City,  N.  J.  However,  salty  water  extends 
inland  to  different  and  varying  distances  in  each  aquifer;  for  example, 
water  in  excess  of  25O  ppm  as  chloride  is  believed  to  underlie  about 
half  the  entire  State  of  New  Jersey  in  the  Cretaceous  artesian  aquifers. 

In  the  Coastal  Plain  of  the  area  reported  upon,  numerous  fresh- 
water well  supplies  have  become  salty.  For  the  most  part  this  repre- 
sents encroachment  from  the  modern  sea;  however,  some  of  the  salty 
water  originated  in  the  geologic  past  as  residual  salinity  never 
flushed  out  in  later  times.  The  encroachment  is  due  in  part  to  a slow 
world-wide  rise  of  sea  level  (6  inches  in  this  area  since  1930)^  tiut 
mostly  it  is  due  to  pumping  too  near  a body  of  salty  ground  or  surface 
water.  Some  of  the  encroachment  may  be  due  largely,  as  it  was  at 
Lewes,  Del.,  and  Newark,  N.  J.,  to  salt  water  being  introduced  to  a 
former  fresh-water  domain  through  dredging  operations.  Extensive  pump- 
ing of  wells  near  the  existing  salt-vater--fresh-water  interfaces  in 
aquifers,  or  deep  dredging  of  river  or  canal  channels  that  would,  in 

effect,  become  Inland  arms  of  the  s?a,  would  probably  accelerate  salt- 

water encroachment  and  either  ruin  or  greatly  depreciate  the  value  of 
many  existing  ground-water  supplies  of  the  Coastal  Plain. 

Although  fresh  ground  water  in  the  Coastal  Plain  aquifers  is  gen- 
erally good  to  excellent,  there  are  scmae  places  where  the  ground  water 
is  hard  and  requires  softening  for  many  uses . The  greatest  quality  prob- 
? lem  (apart  from  salt-water  contamination)  is  the  irregular  and  largely 

‘ unpredictable  presence  of  water  high  in  iron  and  somel.imes  manganese. 

In  the  Appalachian  Highlands  most  ground  waters  are  of  satisfactory 
chemical  quality  for  most  uses,  although  the  carbonate  rocks  generally 
yield  hard  water,  the  sulfate  content  is  high  in  some  formations,  par- 
ticularly in  the  anthracite  coal  regions,  and  objectionable  quantities 
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of  iron  occur  locally  in  several  types  of  rocks  and  deposits.  Wells  in 
very  shallow  aquifers,  especially  dug  wells,  sometimes  become  contamin- 
ated by  surface  sources . 

In  Fairfield  County,  Conn.,  groimd-water  s\:tpplies  are  obtained  from 
various  crystalline  bedrock  formations  and  from  unconsolidated  glacial 
deposits.  AArerage  yield  of  wells  in  bedrock  is  about  8-10  gpm,  but 
yields  of  wells  in  some  of  the  coarse-grained  stratified  glacial  depos- 
its commonly  are  several  hun'ired  gallons  per  minute.  Of  the  average 
precipitation  of  about  48  inches,  26  inches  is  discharged  as  direct  and 
base  runoff  in  streams,  and  the  remaining  22  inches  is  lost  by  evapo- 
transpiration.  Encroachment  of  poor-quality  water  has  occurred  in  the 
glacial  outwash  in  the  coastal  area  of  Bridgeport. 

In  Dutchess,  Orange,  Putnam,  Rockland.  Ui.ster,  and  Westchester 
Counties,  N.  Y.,  ground  water  occurs  in  the  same  general  rock  types  as 
those  in  the  glaciated,  northern  half  of  the  Delaware  River  basin. 

Highest  yields  are  obtained  from  the  glacial  deposits;  yields  from  seuid- 
stone  and  shale  aquifers  in  the  Newark  group  (largely  in  Rockland 
County)  commonly  exceed  100  gpm  per  well;  the  lowest  yields  generally 
are  from  crystalline  bedrock  where  average  yield  per  well  is  less  than 
50  gpm. 

On  Long  Island,  N.  Y.,  large  supplies  of  ground  water  are  available 
from  unconsolidated  deposits  comprising  several  aquifers  of  Pleistocene 
age  and  the  Magothy  formation  and  the  Lloyd  sand  member  of  the  Raritan 
formation,  both  of  Cretaceous  age.  The  total  qusuitity  of  ground  water 
available  for  perennial  use  is  not  known,  although  it  is  less  ^han  the 
average  annual  return  flow  to  the  ocean  of  1,500  mgd.  Present  consump- 
tive use  of  ground  water  (estimated  to  be  half  the  totsil  withdrawal)  is 
about  12  percent  of  the  average  annual  return  flow  and  about  19  percent, 
of  the  retiurn  flow  during  the  driest  year  to  be  expected.  Although  this 
suggests  the  possibility  of  considerable  additional  development,  rational 
plans  of  development  will  be  required  to  prevent  excess.lve  pumping  near 
the  shore  A^ich  would  result  in  saT.t-water  encroachm*-:nt . 
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DfroODUCTION 

This  report  was  prepared  in  response  to  a request  from  the  Corps 
of  Entlineers  for  a report  on  the  ground-water  resources  of  the  Delaware 
River  service  area.  The  data  herein  summarized  have  been  gathered 
chiefly  as  a result  of  many  inv»3stigations  by  the  U.  S.  Geological  Survey 
in  cooperation  with  the  States  of  Dela'/fare,  New  Jersey,  Hew  fork,  and 
Pennsylvania  and  with  a large  nvanber  of  smeiller  political  divisions  and 
other  agencies  (including  other  FedersJL  agencies)  over  many  years.  The 
work  requested  by  the  Corps  of  Engineers  as  a part  of  the  Delaware  River 
basin  project  was  an  lirportant,  but  very  small  part  of  this  total  effort. 

The  report  was  written  under  the  ImT.eliate  super ivision  of  Garald  G. 
Parker,  project  hydrologist,  and  uniier  the  general  sitpervLsion  of 
Charles  C.  McDonald,  chief.  General  Hydrology  Branch.  The  Geological 
Survey  field  offices  concerned  with  the  Delaware  Ri'/er  service  area 
contributed  data  and  made  special  studies.  Ground -water  data  were  fur- 
nished, and  special  hydrologic  studies  were  made,  for  Delaware  by 
William  C.  Rasmusen;  for  New  Jersey  by  Henry  C.  Barksdale,  Allen  Sinnott, 
Paul  B.  Seaber,  Solomon  M.  Lang,  and  Leo  A.  Jablonski;  for  Pennsylvania 
by  David  ¥.  Greenman,  Donald  R.  Rlma,  Norman  H.  Blanchard,  Jr-,  and 
William  N.  Lockwood;  and  for  New  York  by  Joseph  E.  Upson,  George  C. 
Taylor,  Jr.,  Nathaniel  M.  Perlmutter,  Edward  H.  Salvas,  Julian  Soren, 
and  John  Isbister.  Quality-of -water  data  for  Delaware,  New  Jersey,  and 
Pennaylvania  were  supplied  by  Norman  H.  Beamer,  and  for  New  York  by 
Felix  H.  Pauszek. 

Additional  geologic  information  was  furnished  by  Carlyle  Gray, 
state  geologist  of  Pennsylvania;  Mere  lith  E.  Johnson,  state  geologist 
of  New  Jersey  vintil  1958 > a^d  his  successor,  Kemble  Widmer;  Johan  J. 
Groot,  state  geologist  of  Delaware;  Horace  G.  Richards,  Rilladelphia 
Academy  of  Natxiral  Sciences;  Edward  E.  Watson  and  Lincoln  Dryden  of 
Bryn  Mawr  College;  Bradford  Willard  of  Lehigh  University;  Herbert  P. 
Woodward  of  Rutgers  University;  and  Paul  MaoClintock  of  Princeton  Uni- 
versity. Horace  G.  Richards  assisted  in  the  study  of  the  geology  of 
the  Coastal  Plain,  and  interpretations  of  the  stratigraphy  of  that  im- 
portant region  are  based  largely  on  his  work. 

Federal  agencies  that  contributed  data,  maps,  or  file  materiel,  in- 
clude the  Corps  of  Engineers,  Col.  Air.;n  F.  Clark,  district  engineer 
to  December  1,  1957,  and  his  successo.r,  Col.  William  F.  Powers;  the 
Soil  Conservation  Service,  Ih:ed  H.  Larson,  head.  Engineering  Unit; 
the  Public  Health  Service,  Sylvan  C.  Mai'tin,  regional  engineer;  and 
the  Weather  Bureau,  William  E.  Hiatt,  chief.  Hydrologic  Services 
Division. 

Others,  far  too  numerous  to  mention.  Including  conaud-ting  engineers, 
city,  covmty.  State,  and  other  officials,  contributed  ideas  and  data. 
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The  writers  harve  drawn  freely  on  the  data  and  conclusions  of  many  re- 
porxs  by  the  Geological  Survey  and  other  agencies  and  individuals.  No 
attempt  is  matle  to  present  ground-*,raiter  and  geologic  information  for  all 
the  Delaware  River  basin  in  the  detail  that  some  of  these  reports  provide 
for  parts  of  the  area;  instead  the  general  subject  matter  in  these  re- 
porLs  Is  summarized  briefly.  Basic  to  the  ideas  and  conclusions  pre- 
sented in  this  report  are  the  contributions  of  the  several  authors  who 
wrote  assigned  parts  of  an  unpublished  246-page  report  in  1957  that  is  a 
predecessor  of  this  report.  That  report  is  largely  the  work  of  the  fol- 
lowing authors  listed  alphabetical?./ : .Tomes  K.  Culbertson,  Garald  G. 

Parker,  Nathaniel  M.  Perlmutter,  Uur.ald  R.  Rima,  William  C.  Rasmussen,  and 
Edwar.i  li.  Salvas.  AT.so  the  present  writers  have  drawn  much  information 
and  important  conclusions  from  a reix>rt,  published  in  1958  bbe  New 
Jersey  Department  of  Conservation  and  Economic  Development,  entitled 
"Ground-Water  Resources  in  the  Tri-State  Region  Adjacent  to  the  Lower 
Delaware  River".  That  report,  which  contains  the  roost  comprehensive 
treatment  of  the  ground-water  resources  of  the  lower  part  of  the  Delaware 
River  basin,  was  prepared  by  Her_ry  G.  Barksdale,  David  W.  Greenman, 

Solomon  M.  Lang,  George  S.  Hilton,  and  Donsild  E.  Outlaw. 

Most  of  the  present  report  has  been  abstracted  and  somewhat  modified 
from  a longer  and  more  inclusive  report  dealirig  with  the  broad  aspects 
of  the  hy>lrology  of  the  Delaware  River  basin. 

As  defined  herein,  the  Delaware  River  service  area  covers  about 
30,000  square  miles  of  which  only  12,865  square  milrs  are  Ln  the  basin 
proper.  Besides  the  basin  itself,  which  includes  parts  of  New  York, 
Pennsylvania,  New  Jersey,  Delawa.re,  and  a small  tip  of  Maryland,  the  area 
comprises  Fairfield  County,  Conn.;  New  York  City  and  Lcig  Island,  an. 
Dutchess,  Orange,  Putnam,  Rockland,  ID.ster,  and  Westchester  Counties, 

N.  Y.;  and  all  of  New  Jersey  and  Delaware.  The  service  area  a»’d  its  sub- 
divisions, classified  by  the  Corps  of  Engineer.^  according  to  county  grvu;  s 
are  shown  on  plate  1.  Total  population  of  the  area  1950  (last  U.  S. 
Census)  was  about  20  million;  appr.v.lmatel;'  6 million  people  lived  wi'^hiu 
the  basin,  and  of  these  about  3.7  million  lived  in  the  Phi?adelphia  -'.etro- 
politan  area.  The  population  is  gr’uvir.g  rapidly/',  especialT.y  in  the  urba.' 
and  suburban  areas;  water  demands  ai’e  growing  even  mc-re  rapidly  and  are 
creating  problems  that  require  comprehensive  pleuas  and  programs  for  t.,eir 
solut ion . 

Ground-water  sources  now  furnis:'.  a minor,  b\Jt  locaTJLy  inQ)ortant  part 
of  the  total  water  withdrawn  in  the  Delaware  River  service  area.  Of  a 
basinwide  withdrawal  of  6,100  mgd  (miTJLlon  gal.lor.s  per  day)  in  1955  (not 
including  water  for  hydroelectric  plants)  ground-water  sources  supplied 
340  mgd — ^.6  percent  of  the  total  (Kammerer,  1957>  P*  9)  revised  1958)* 
Ground  water  furnishes  the  largest  proportion  of  tota.1  withdrawals  for 
irrigation,  rural,  and  smeLil-scale  municipal  uses — types  of  uses  where 
the  demand  is  dispersed  rather  than  concentrated  in  relatively  small 
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areas.  Also  ground  water  is  a more  important  source  of  supply  in  the 
Coastal  Plain  than  in  the  Appalachian  Highlands,  northeast  of  the  Fall 
Line;  roughly  two-thirds  of  the  ground  water  pumped  in  the  Delaware  River 
basin  is  from  the  unconsolidated  deposits  of  the  Coastal  Plain,  which 
constitutes  only  one-fourth  the  area  of  the  basin. 

Because  ground-water  supplies  are  but  a part  of  the  total  it  is  em- 
phasized here  that  the  magnitude  of  the  potential  ground-water  supply  of 
the  Delaware  River  service  area  cannot  be  evaluated  apart  from  the  over- 
all total,  as  if  ground  water  were  a separate  resource.  Thus,  it  is 
axiomatic  that  heavy  development  of  surface-water  supplies  tends  to  limit 
the  amount  of  perennially  recoverable  ground  water  and  conversely . In 
the  final  analysis,  economic  and  other  factors  beyond  the  scope  of  this 
report  determine  the  extent  to  which  ground-water  supplies  are  developed. 
This  report  attempts  to  indicate  only  the  physical  possibilities  for 
ground -water  development  in  the  Delaware  River  service  area. 
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GENERAL  GROUND-WATER  HYDROLOGY  OF  THE  BASIN 
SOURCES  OF  GROUND  WATER 


In  the  Delaware  River  service  area  all  ground  water  is  derived  from 
precipitation.  Under  the  humid  conditions  prevailing  in  the  region 
aquifers  axe  usually  full  to  overflowing  and  are  so  maintained  by  pre- 
cipitation. When  the  capacity  of  the  soil  to  retain  water  against  gravity 
(the  field  capacity  of  the  soil)  is  exceeded,  the  excess  water  percolates 
to  the  water  table  to  become  ground  water . 

Throiighout  most  of  their  courses  the  streams  of  the  service  area 
usually  act  as  drains  rather  than  as  sources  of  water.  Seepage  from 
streams  therefore  contributes  recharge  to  ground  water  only  where  pumping 
of  wells  near  streams  reverses  the  natural  direction  of  ground-water  move- 
ment toward  the  streams.  Under  these  circxjmstances  substantial  quantities 
of  recharge  may  be  induced  from  the  streams.  Neeu*  the  ocean  or  other 
bodies  of  saline  water  such  a reversal  of  movement  may  cause  encroachment 
of  the  saline  water . 


OCCURRENCE  AND  MOVEMENT 

Ground  water  may  be  considered  as  the  water  that  is  stored  temporarily 
in  saturated  openings  in  earth  material  and  that  provides  the  water  to 
wells,  springs,  euid  fair-weather  flow  of  streams.  A bed  or  zone  of  such 
materials  that  is  capable  of  yielding  usable  quantities  of  water  to  wells 
is  called  an  aquifer.  Aquifers  have  two  principal  functions:  they  store 

water  and  they  transmit  water. 

Storage  is  perhaps  the  primary  function  of  aquifers  in  which  the 
water  exists  under  unconfined,  or  water-table,  conditions.  Such  con- 
ditions are  most  common  near  the  land  surface  in  permeable  materials 
such  as  the  coarse-grained  deposits  in  large  areas  in  the  Coastal 
Plain  and  the  thick  mantle  of  weathered  rock  in  many  parts  of  the 
Piedmont  physiographic  province.  Such  aquifers  obtain  recharge  di- 
rectly from  rain  or  snow  in  their  storage  areas. 
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On  the  other  hand,  aquifers  that  contain  water  under  confined,  or 
artesian,  conditions  serve  principally  as  conduits  to  transmit  water 
from  intake  (recharge)  areas  to  discharge  areas.  Artesian  aquifers 
are  enclosed  by  beds  or  zones  of  relatively  Impermeable  materials 
(aqulcliides)  which,  thoxij^  they  may  be  saturated,  yield  little  water 
and  act  as  barriers  to  water  movement.  The  best  exan5>les  of  aqui- 
cludes  artesian  aquifers  in  the  basin  are  the  extensive,  alter- 
nating layers  of  clay  and  sand  in  the  Coastal  Plain  province. 

Aquifers  in  the  basin  range  widely  in  their  capacity  to  store, 
transmit,  and  yield  water.  Their  most  significant  hydrologic  pro- 
peirtles  are  their  coefficients  of  storage,  permeability,  and  trans- 
missiblllty.  Porosity  is  not  so  In^jortant,  because  not  all,  and  in 
some  materials  such  as  clay  very  little,  of  the  water  stored  in  the 
openings  of  a material  will  drain  by  gravity;  hence  some  of  this  total 
storage  capacity  is  not  uscd?le. 

Coefficient  of  storage  is  the  volume  of  water  released  from  or 
taken  into  storage  by  an  aquifer  per  unit  surface  area  per  unit  change 
in  the  component  of  head  (water  pressure)  perpendicular  to  that  sur- 
face. In  artesian  aquifers,  where  the  withdrawn  water  comes  from 
elastic  adjustment  to  head  changes  rather  than  from  drainage  of  the 
pores,  the  storage  coefficient  is  very  small,  commonly  0.00001  to 
0.001,  whereas  in  water-table  aquifers,  where  the  material  is  actually 
drained,  the  coefficient  of  storage  coimnonly  ranges  from  0.05,  and 
sometimes  less,  to  0.30. 

!Rie  coefficient  of  permeability  of  a material  as  used  by  the  U.  S. 
Geological  Siirvey  is  the  rate  of  flow  of  water  in  gallons  per  day 
through  a cross-sectional  area  of  1 square  foot  under  a hydraulic 
gradient  of  1 foot  per  foot,  at  a ten^jerature  of  60°F.  The  field  co- 
efficient of  permeability  is  the  same  except  that  it  is  measured  at 
the  prevailing  water  tenq)erature  rather  than  at  60°F.  Some  of  the 
deposits  of  coarse  sand  and  gravel  have  permeability  coefficients  ex- 
ceeding 3^000  gpd  per  square  foot,  whereas  most  beds  of  clay  have  per- 
meability coefficients  of  a veiry  laiiall  freu;tlon  of  1 gpd  per  square 
foot. 

The  coefficient  of  transml sslbllity  may  be  regarded  as  the  pro- 
duct of  the  average  field  permeability  of  an  aquifer  and  its  thickness; 
it  is  expressed  in  gallons  per  day  per  foot.  It  indicates  the  capacity 
of  the  «iquifer,  as  a unit,  to  transmit  water  at  the  prevailing  temper- 
ature, under  any  given  hydraulic  gradient.  Transmlssibllity  coeffic- 
ients greater  than  100,000  gpd  per  foot  have  been  measiired  for  sand 
aquifers  in  the  Coastal  Plain,  but  coefficients  less  than  1 gpd  per 
foot  have  been  estimated  for  adjacent  clay  aqulcludes. 
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Gbround  vster,  like  surface  vater,  moTes  In  the  direction  of  decreas- 
ing hydraulic  head.  In  vater-tahle  aquifers  the  vater  aoTes  In  falrly^ 
direct  paths  from  higher  to  lower  areas  In  the  outcrop,  but  In  artesian 
aquifers  the  water  may  follow  long  and  sometimes  rather  circuitous 
paths.  In  the  Delaware  River  aerv'Lce  area  distances  trav- 
eled from  Intake  points  to  discharge  points  In  water-table  aquifers 
range  from  only  a few  feet  to  thousands  of  feet.  In  artesian  aquifers, 
such  as  those  of  the  Coastal  Plain,  distances  traveled  by  some  of  the 
water  from  the  recharge  at  the  outcrop  to  discharge  points  range  from 
a few  miles  to  tens  of  miles;  however,  some  artesian  recharge  Is  ob- 
tained from  leakage  throu^  confining  beds;  therefore,  recharge  from 
such  sources  may  be  In  the  order  of  a few  tens  to  several  hundreds  of 
feet.  Times  of  transit  also  range  widely  from  a few  hours  or  days  to 
tens  and  even  hundreds  of  thousands  of  years. 

DI9CHARCS! 

Natural  discharge  of  gromd  water  takes  place  where  the  top  of 
the  satiffated  zone — the  water  table,  or  the  overlying  capillary  fringe — 
Is  at  or  near  the  land  surface.  Some  of  this  water  retinns  to  the 
atmosphere  by  the  proceBses  of  evapotranspiration  and  thus  may  be  con- 
sidered as  part  of  the  natural  loss.  The  remainder  enters  streams  or 
other  bodies  of  surface  water  and  becomes  a part  of  the  water  crop. 

In  addition  to  natural  discharge,  considerable  quantities  of 
water  are  In  places  discharged  artificially  by  puqped  wells,  mines, 
and  quarries.  New  patterns  of  ground-water  movement  toward  the  ptsq>ed 
areaut  became  established,  and  discharge  at  natural  outlets  may  dimin- 
ish or  cease. 

In  the  basin  most  natural  ground-water  discharge  occurs  at  rela- 
tively low  parts  of  the  outcrop  of  aquifers — along  streams.  In  wet 
or  swampy  areaM,  and  Into  the  bays,  estuaries,  or  ocean.  Bie  total 
amount  of  such  natural  discharge.  Including  evapotranspiration.  Is  not 
accurately  known;  however.  It  Is  estimated  that  about  half  the  aver- 
age annual  streamflow  In  the  basin  Is  supplied  from  ground-water  dis- 
charge. The  total  pumpage  from  basin  au^ulfers  Is  estimated  to  be 
about  3^  mgd  and  the  total  ground-water  discharge  to  stresma  Is  es- 
timated to  be  about  6,CxX)  mgd;  In  addition,  an  unknown  quantity  by- 
pemses  the  streams  and  leaves  the  basin  mainly  In  the  Coastal  Plain 
aquifers.  Therefore,  the  ground-smter  punq>age  is  probably  5 percent 
or  less  of  the  total;  certainly  it  is  less  than  10  x>ez‘cent. 

TITPES  OF  AQUUTOS 

Beised  on  the  nature  of  their  water-bearing  openings,  two  major 
types  of  aquifers  exist  within  the  Dr-laware  River  service  area,  those 
consisting  of  unconsolidated  sediments  and  those  consisting  of  con- 
solidated rocks, (pi.  2). 
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Unconsolidated  sediments  consist  of  loose  grsnulsr  materials^  de- 
posited by  water,  wind,  or  ice,  in  which  essentially  sll  the  water- 
bearing openings  are  pores  between  the  grains.  Laboratory-determined 
porosities  of  sand  samples  from  the  Coastal  Plain  in  Hew  Jersey  range 
from  about  25  to  45  percent  (Barksdale,  Greemaan,  Lang,  and  others, 
1958),  and  some  clays  hare  even  hi^er  porosities. 

Not  all  the  water  stored  in  the  pores  will  drain  by  gravity,  how- 
ever. The  term  specific  yield  is  therefore  used  to  indicate  the  ratio 
of  the  voliaae'  of  water  that  can  drain  by  gravity  from  a sfctinrated  aa- 
terlaO.  to  the  volvane  of  the  material.  This  ratio,  like  porosity,  us- 
ually is  expressed  as  a percentage.  Where  free  drainage  occurs,  as 
under  water-table  (unconfined)  conditions,  the  specific  yield  is 
practically  equal  to  the  coefficient  of  storage. 


In  many  parts  of  the  Delaware  River  sei'vice  area  the  specific 

yield  of  sand  and  gravel  exceeds  25  percent.  However,  in  clay  and 
silt  most  of  the  water  is  retained  in  the  tiny  pores  by  molecular 
forces  (capillary  attraction),  and  the  specific  yield  may  approach 
zero. 

Consolidated  rocks  are  dense,  coherent  materials  which.  In  their 
fresh,  lanreathered  state,  have  little  or  no  intergranxilar  porosity. 
Instead,  the  water-bearing  openings  consist  largely  of  fractures,  some 
of  which  are  solutlonally  enlarged.  Where  weathered,  such  rocks  may 
resemble  unconsolidated  sediments  in  having  Intergranular  pores,  and 
the  distinction  between  the  two  types  is  not  sharp. 

In  the  r..;rvl?e  area  the  consolidated  rocks  comprise  three 

principal  categories,  each  having  distinct  water-bearing  properties; 
clastic  rocks i carbonate  rocks j and  crystalline  rocks. 

Clastic  rocks  inclixie  shale,  sandstone,  conglomerate, 

related  rocks,  of  which  were  deposited  originally  as  uncon- 
solidated sediments.  These  materials  have  been  hardened  by  cementa- 
tion or  compaction  so  that  little  remains  of  their  original  inter- 
granular porosity,  and  most  of  their  water  occurs  in  fractures.  How- 
ever, some  sandstone  and  conglomerate  contain  significant  amounts  of 
water  in  their  intergranular  pores  where  the  cementing  material  has 
been  dissolved. 

Carbonate  rocks,  also  of  sedimentary  origin,  include  limestone 
(calcltm  carbonate),  dolomite  (calcium  and  magneslvan  carbonate), 
dolmltlc  limestone,  and  rocks  gradational  between  the  pure  carbonate 
rocks  and  the  clastic  rocks  in  which  the  carbonate  con- 

tent is  substantial.  Carbonate  rocks  differ  from  other  categories 
chiefly  in  having  solvrtion  channels  or  cavities  in  addition  to  the 
other  types  of  openings.  Althou^  tbe  aggregate  volume  of  the  solu- 
tion openings  usually  is  but  a small  percentage  of  the  total  volume 
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Outcrop  of  black  shale 
(Marcellue  shale  of 
Devonian  age ) at  Wallace  St . 
and  Fulmer  Ave . , Strouds- 
bvarg,  Pa.  Here  the  "shale" 
is  more  nearly  a claystone . 
/vlthough  numerous  fractures 
occur  in  the  claystone,  the 
fractures  are  ti^t  and  water 
can  move  through  them  only 
very  slowly.  Wells  developed 
in  such  bedrock  would  have 
very  low  yields • 


Kame-terrace 
deposit  at 
Hawley,  Pa. 
Such  sandy 
and  gravelly 
materials  of 
glacial  melt- 
water origin 
are  highly 
permeable  and 
irtiere  sattir- 
ated,  yield 
large  quanti- 
ties of  water 
to  wells. 


Plate  2. — Photographs  of  geologic  roek  SHifeartalS  of  eoBtraotlng 
hydrologic  properties,  OtLaimre  River  basin  area 
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of  rock,  their  relatively  large  size  permits  rapid  movement  of  water, 
An^^  the  permeability  of  some  caLrbonate  rocks  In  the  basin  area  com- 
pares favorably  with  that  of  the  coarse-grained  unconsolidated  sedi- 
ments. 

Cr^'stedllne  rocke,  ^Ich  are  ccaaposed  of  interlocking  mineral 
grains  (ciy-stals)  have  vii-tually  no  intergranular  porosity,  except 
where  altered  by  weathering.  Fractures  in  these  rocks  ccnaonly  contain 
wnal 1 but  significant  quantities  of  water;  however,  in  the  area  of 
this  report  few  such  openings  expend  aeeper  them  about  300  feet , and 
most  of  the  water  Is  contained  at  much  shallower  depths.  Con8lderad)le 
quantities  of  water  occur  in  thick  zones  of  veatherec^  crystalline 
rocks  such  as  are  found  in  the  Plediaonx  upland  (pi  > ) . 
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in  their  capacity  to  store  and  transmit  and  yield  water.  Probably 
few  consolidated  rocks  have  a specific  yield  as  great  as  2 percent, 
in  contrast  to  the  specific  yleMs  of  20  percent  or  more  common  in 
sand  and  gravel.  Coefficients  of  traremlssihility  of  50>000  —*150,000 
gpd  per  foot  have  been  measureti  in  several  ^consolidated  granular 
aquifers  (tables  ami  ' ),  but,  ’with  the  exception  of  some  of  the  car- 
bonate-rock aquifers  and  possibly  dime  of  the  coarse-grained  sandstone 
and  conglomerate  aquifers,  probably  few  consolidate>i-rock  aquifers 
have  coefficients  of  trauemisdibllity  higher  than  ^,000  gpd  per  foot. 

HYEKOLOCIC  PROVTiiCES 

The  Delawaie  River  basin  comprlsis  2 greatly  different  hydrologic 
provinces  which  correspond  to  the  2 luajor  physiographic  units  in  the 
region:  the  Atlantic  Plain  o’cttpying  approximately  the  southern 

fourth  of  the  basin;  and  the  Axpa-achlan  Highlands  constituting  the 
northern  three- fourth;*  of  the  basin  (pi.  ' ).  '"fhe  2 provinces  are 

separated  by  the  Fall  Line,  vriilch  exLenls  northeasterly  across  the 
southern  part  of  the  basin  aiiJ  lie;*  along  the  northwest  side  of  the 
Delaware  River  between  Wllailngtoo  Dei  , and  Trenton,  N.  J. 

The  Atlantic  Plain,  or  Coastal  Plain  as  Its  emerged  part  Is  desig- 
nated, is  underlain  by  a wedge  of  unconsolidated  sediments  having 
Its  northwestern  edge  alujig  the  Fall  Line.  This  great  wedge  thickens 
seaward,  reaching  a maximum  thl  ;kt>. ss  of  about  6,000  feet  beneath 
the  moiith  of  Delaware  Ba>  (pi  ;.  It  consists  of  an  SLlternating 
sequence  of  sheet-like  layers  ul  sand,  clay,  and  some  gra’/el.  Enor- 
mous quantities  of  water  are  stored  In  this  great  mass  of  deposits, 
and  its  aquifers  transmit  water  much  more  readily  than  most  of  the 
consolidated-rock  aquifers  of  tbe  Appala.:hlan  Highlands. 
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In  contraat,  the  Appalachian  Hl^landa  are  underlain  predominant- 
ly by  conaoUdated  rocks.  In  general,  the  consolidated-rock  aqui- 
fers store  and  tranaalt  much  less  vater  than  the  unconsolidated  gran- 
ular aquifers  of  the  Coastal  Plain.  Ifticonsolldated  deposits  of  glac- 
ial origin  dlscontinuously  mantle  the  northern  part  of  the  Highlands 
aiui  occur  also  as  tongue-shaped  valley  fills  of  glacial  outvash 
throughout  both  northern  southern  parts.  Althou^  the  aggregate 
amount  of  water  stored  In  the  outvash  is  smal  1 caaq>EU*ed  vlth  that  in 
the  consolidated  rocks,  the  svpplies  from  these  deposits  are  readily 
available  to  veils  and,  under  favorable  conditions,  may  be  augmented 
considerably  by  recharge  Induced  fraa.  hydraiiUcally  connected  streams 
and  lakes. 

The  Appalachian  Highlands  Include  t physiographic  provinces,  each 
of  which  has  distinctive  landfonas  resviltlng  from  the  types  and  struc- 
ture of  the  underlying  rocks  and  the  geologic  history  of  the  region. 
Prom  the  Fall  Line  northward  these  physiographic  provinces,  as  class- 
ified by  Fenneman  (1938),  cooprise  the  Piedmont,  Hew  England,  Talley 
and  Ridge,  and  Appalachian  Plateaus  provinces  (pi.  3 ) . The  charac- 
teristics of  each  province  and  its  subdivisions  are  described  briefly 
farther  on  in  the  discussion  of  the  Appalachian  Hlgjilands  part  of  the 
basin.. 


THE  COAgTAL  PLAIH 

qeheral  features 

ihe  Coastal  Plain  idiyslogrsphlc  province  is  the  emerged  part  of 
the  Atlantic  Plain  (pi.  3 ),  * gently  eloping  surface  that  extends 
125-175  miles  southeasterly  traa  the  Fall  Line  beyond  the  present 
coastline  to  the  edge  of  the  continental  shelf.  A net  rise  of  sea 
level  In  the  last  10,CXX}  yesrs  since  the  shrinkage  and  disappearance 
of  the  continental  glaciers  of  the  most  recent  ice  age  (Wisconsin 
age)  baa  Inundated  the  outer  part  of  the  Atlantic  Plain  and  has 
"drowned"  the  lower  reaches  of  the  streams,  forming  bays,  estuaries, 
and  tidal  marshes  near  their  mouths.  Delaware  Bay  and  the  estuary  of 
the  Delaware  River,  which  extends  Inland  133  miles  from  the  mouth  of 
the  Bsc  to  the  Fall  Line  at  Trenton,  H.  J. , has  been  formed  by  this 
sea- level  rise,  which  has  amounted  to  about  I50  feet  (Flint,  1957, 

p.  262). 

The  Co*«tal  Plain  occupies  the  south  half  of  lev  Jersey,  most  of 
Delaware,  Ind  a narrow  strip  In  southeastern  Pennsylvania  along  the 
northwest  side  of  the  Delaware  River.  Excluding  tidal  marshes  and 
bays,  it  includes  an  area  of  about  2,750  square  miles  within  the  basin 
and  about  2,150  square  miles  In  coasted  lev  Jersey  outside  the  basin. 
Tn  width  It  decreases  toward  the  northeast  from  about  70  miles  Ix^ 
Delaware  to  less  than  20  miles  at  RariLtan  Bay  In  lev  Jersey.  Long 
Island,  1.  T.,  averaging  about  I6  miles  in  width.  Is  the  continuation 
of  the  CocurteJ.  Plain  In  that  State. 
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> Throvighout  most  of  Nev  Jerssy  the  Coastal  Plain  consists  of  an 

inner  part  which  slopes  gently  northwest  toward  the  Delaware  and 
Raritan  Rivers  and  an  orter  part  which  slopes  even  more  gently  south- 
east toward  the  ocean,  or,  in  the  southern  end  of  the  State,  south 
and  southwest  toward  the  Delaware  Bay.  In  Delaware,  the  plain  slopes 
eaist  toward  the  Delaware  River  and  Bay. 

The  land  surface  is  nearly  flat  over  wide  areas  but  is  moderately 
hilly  in  places,  particularly  toward  the  northeast,  in  the  vicinity 
of  Raritan  Bay.  In  that  area  a few  hilltops  rise  to  nearly  400  feet 
above  sea  level,  but  in  general  altitudes  greater  than  200  feet  are 
rare,  and  more  than  half  of  the  plain  is  below  an  altitude  of  100  feet. 

The  inner,  northwestern  part  of  the  Coastal  Plain  in  New  Jersey 
is  crossed  by  a sequence  of  approximately  parallel  belts,  which  are 
the  beveled  edges  or  outcrop  s of  the  geologic  formationsthat  dip  to- 
ward the  ocean  (pis.  , and  j ).  Where  outcrops  are  not  mantled  by 
younger  deposits  of  sand  ana.  gravel,  each  belt  has  a distinctive 
landform  resulting  from  the  relative  resistance  to  erosion  of  the  un- 
derlying materials.  Uhusually  resistant  beds  such  as  sandstone  or 
conglomerate (cemented  sand  or  gravel)  form  steep-sided  hills  and 
ridges;  beds  of  clay  tend  to  form  broad  interstream  surfaces  but 
steep  stream  banks;  and  loose  sand  beds  form  gentle  valley  sides,  or 
where  wind  action  is  strong  and  the  sand  is  not  held  in  place  by  veg- 
etation, dunes  and  "blowouts"  may  be  formed.  In  plan  view,  some  of 
the  outcrop  belts  are  deeply  frayed  or  indented  where  they  are  crossed 
by  the  small  streams  flowing  toward  the  Delaware  or  Raritan  Rivers 
(pi.  6 Below  the  bend  at  Trenton,  N.  J.,  the  Delaware  River  follows 
the  innermost  belt— the  largely  concealed  beveled  edge— of  the  basal 
unit  consisting  of  nonmarine  sidlments  of  Cratauceous  age.  Bie  rela- 
j tlve  weakness  of  these  material;  and  the  resistance  to  erosion  of  the 

I hard  crystalline  rocks  Immediately  to  the  northwest  across  the  Fall 

Line  have  evidently  determined  th:-;  course  of  this  part  of  the  river. 

Tlie  outer  margin  of  the  Coastal  Plain  in  New  Jersey  has  very  low 
relief  and  slopes  gently  toward  the  ocean  on  the  east  and.  southeast, 
and  towar^l  the  bay  on  the  south.  Li  Delaware  the  tomography  is  simi- 
lar, except  that  the  prevailing  slope  and  .irainage  is  toward  the  east. 
These  areas  are  immediately  und.-r^ain  for  the  most  i>art  by  permeable 
sand  and  gravel  and  are  travers.ed  by  perennieJ.  streams  of  low  gradient. 
In  their  shoreward  reaches  most  of  the  streams  are  tidal  and  are  bor- 
dered by  marshes.  The  coast  in  central  and  southern  New  Jersey  is 
characterized  by  a line  of  offshore  sand  bars,  formed  by  longshore 
currents  and  wave  action,  behind  which  lie  shallow  bays  and  marshes. 
Atlantic  City  is  built  on  one  of  thas-s  bars. 
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The  deposits  underlying  the  CoastaJ.  Plain  form  a wedge  which  con- 
sists of  an  alternating  sequence  of  relatively  penoeahle  coarse- 
grained beds  of  sand  and  gravel  and  relatively  lapcrBeable  fine- 
grained layers  of  clay  and  silt.  The  coarse-grained  beds  and  the 
fine-grained  beds  constitute,  respectively,  aquifers  and  aqulcludes 
of  variable  thickness  and  extent.  These  aqiiifera  and  aqulcludes 
correspond  in  a general  way  to  the  geologic  formations  that  have  been 
established  on  the  basis  of  both  physiceil  character  and  age  as  deter- 
mined from  fossils.  However,  the  boundaries  of  the  aquifers  and  aqui- 
cludes  are  not  everywhere  the  same  as  those  of  the  formations,  because 
the  formations  change  in  character  from  place  to  place — a formation 
may  be  predoplnantly  coarse-grained  and  classed  as  an  aquifer  at  one 
place,  and  predominantly  fine-grained  and  classed  as  an  aqulclude  at 
another — , and  because  some  of  the  formations  ccnprlse  several  aqui- 
fers ajwl  aqulcludes,  and  because  aquifers  in  two  adjacent  formations 
may  Join  to  form  a single  hydrologic  unit. 

llie  geologic  formations  that  coiiq>rise  the  unconsolidated  sediments 
of  the  Coastal  Plain  are  listed  in  the  order  of  their  age  on  pages  13, 
l6,  and  are  described  briefly  In  table  1.  The  sequence  lies  on  a 
platform  of  the  consolidated  rocks  of  the  same  type  as  are  esqposed 
northwest  of  the  Fall  Line.  Cils  platform,  which  had  been  eroded  to 
a surface  of  very  low  to  moderate  relief  by  the  beginning  of  the 
Cretaceous  period,  about  123  million  years  ago  (table-  l),  now  slopes 
southeastward  from  the  Fall  Line,  where  it  is  sU^tly  aiteve  sea  level, 
toward  the  ocean,  where  it  Is  abovrt  6,000  feet  below  sea  level  at  the 
mouth  of  Delaware  Bay — an  average  slo]^  of  aboirt  83  feet  per  mile. 

Plate  4 shows  the  configuration  of  this  surface  in  a very  general 
way;  not  enough  deep-well  information  and  geophysical  data  are  avail- 
able to  determine  the  buried  topogriq>hy  in  detail. 

Nearly  all  the  formations  in  the  overlying  wedge  of  deposits 
thicken  seaward.  Dips  of  the  formations  therefore  decrease  upward 
in  the  sequence  from  aboxit  75  to  80  feet  per  mile  in  the  Cretaceous 
formations  near  the  base  to  perhaps  only  sli^tly  more  than  the  slope 
of  the  outer  part  of  the  Coastal  Plain — about  10  feet  per  mile  in  the 
Cohansey  .and  — near  the  top  of  the  sequence. 

Besides  thickening  seaward,  most  of  the  formations  became  finer 
grained  and  more  difficult  to  identify  in  that  direction.  Oscilla- 
tions of  the  ancient  shoreline  caused  the  deposition  of  materials 
in  alternating  layers  of  different  character  that  allows  classifica- 
tion of  the  deposits  into  formations  toward  the  northwest  in  and  near 
their  outcrop.  However,  because  the  ocean  lay  to  the  east  throughout 
the  time  that  all  the  deposits  were  accvmmlating.  Just  as  it  does  at 
present,  al l the  formations  probably  grade  eastward  and  southeastward 
into  fine-grained  silt  and  clay  of  deep- water  origin,  and  it  is  be- 
lieved unlikely  that  many  beds  of  sand  extend  as  far  as  the  edge  of 
the  continental  shelf,  some  100  miles  east  of  the  present  shoreline . 
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HeTertheless,  soae  of  the  saody  aquifers  probably  extend  at  least 
seTeral  miles  beyond  the  present  shoreline.  Soaie  of  these  aquifers 
vere  deposited  In  the  ocean  and  therefore  vere  originally  saturated 
vlth  salt  vater.  loir,  hoverer,  they  contain  fresh  vater,  vhlch  In- 
dicates that  Infiltrating  precipitation  has  filled  the  Inland  re- 
charge areas  of  the  aquifers,  acved  throu^  them  to  the  sea  and  in 
doing  so  has  flushed  the  salt  vater  out.  This  Inqplles,  of  course, 
a connection  betveen  sea  and  land  throu^  the  aquifers  and  has  an 
liiqx>rtant  bearing  on  problems  of  salt-water  encroachment  along  the 
coast. 


Bearing  In  nlnd  that  most  of  the  formations  change  In  character 
from  place  to  place  and  may  be  missing  altogether  at  seme  localities, 
a generalized  picture  of  the  sequence  of  aquifers  and  aqxilcludes  Is 
provided  by  the  follovlng  list,  "nie  age  increases  toward  the  bottoai 
of  the  list;  hence  in  general,  the  units  are  in  the  order  they  would 
be  penetrated  in  a well. 


Beach  and  dune  sand  

Marsh  and  swamp  deposits  

Allurl\aii  and  glacial  outvash  . . . . 

Basln-rlm  sand  

Talbot  and  Cape  May 

format iens  

Unclassified  deposits) 

Pensauken  formation  V 

Bridgeton  formation  ) 

Beacon  Hill  gravel  

Cohansey  sand  

Kirkwood  formation  

Piney  Point  formation  

Shark  River  marl^ 

Manasquan  marl  ; 

Yincentown  sand  . 

Homerstovn  marl 

Red  Bank  sand  . . . 

Navesink  marl  . . . 

Mount  Laurel  sand 


Wenonah  sand 


A minor  aquifer 

A portal  for  recharge  and  discharge 
An  aquifer,  more  iagiortant  in  ^ipa- 
lachlan  Highlands  than  elseidiere 
A poirtal  for  recharge  and  discharge 

An  aquifer  and  portal  for  recharge 
and  discharge 

A portalL  for  recharge  and  locally 
a minor  aquifer 
An  entry  for  recharge 
A major  water-table  aquifer 
A significant  groxip  of  aquifers 
and  aqulcludes 

An  entirely  confined  aquifer  in 
southern  part  of  basin 

A minor  imperfect  aqulclude 

A minor  aujuifer 

Together  with  Navesink  marl,  an 
Imperfect  aqulclude 
An  aquifer  In  northeaistern  part  of 
area,  largely  outside  basin 
Together  with  Homerstovn  marl,  an 
Inperfect  aqulclude 
An  extensive  minor  aquifer.  In  Dela- 
ware, Mount  Laurel  sand  not  dis- 
tinguished from  Navesink  marl 
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Marshalltovn  formation  An  iB5>erfect  aquiclude;  not  known 

in  Delaware 

Knglishtown  sand  A highly  variable  minor  aquifer;  not 

present  in  Delaware 

Woodbury  clay  i extensive  major  aquiclude 

Merchant vllle  clay; 

Honmarine  sediments:  A complex  gro\q>  of  aquifers  and  aqui- 

Magothy  formation  eludes.  Aquifers  constitute  most 

Raritan  formation  important  present  source  of  ground 

Patapsco  formation  water  in  basin 

Patuxent  formation 


OCCURREBCE  OP  GROUND  WATER 

Very  large  quantities  of  fresh  water  occinr  in  the  great  wedge  of 
unconsolidated  sediments  \mder lying  the  Coastal  Plain.  Nearly  all 
the  usable  water — that  is,  the  water  that  can  be  withdrawn  by  wells — 
is  in  sheetlike  layers  of  sand  and  lenslike  beds  of  sand  and  gravel. 
These  layers  of  sand  and  gravel— the  aquifers— are  interbedxied  with 
aqulcludes  composed  of  silt  and  clay  which  restrict  the  movement  of 
water  and  confine  the  water  in  some  of  the  aquifers  imder  artesian 
pressure,  ^e  aqulcludes  generally  increase  in  thickness  and  relative 
abundance  toward  the  coast,  reflecting  the  seaward  change  to  a deeper 
water  origin  of  the  deposits. 

Fresh  water  occurs,  or  occurred  under  native  conditions,  in  all 
the  near-surface  materials  in  the  Coastal  Plain;  however,  salt  water 
is  contained  in  the  lower,  seaward  part  of  the  wedge  in  accordance 
with  the  Ghyben-Herzberg  principle  (p.  '"d.  ), 

The  inland  extent  of  the  salty  ground  water  is  different  in  each 
aquifer.  In  general,  the  salt  water  extends  farthest  inland  in  the 
lowest  aquifers.  Ihe  aquifers  in  the  nonmarine  sediments  of  Cretac- 
eous age  contain  salt  water  as  far  inland  as  50  miles.  At  Atlantic 
City,  N.  J.,  the  ”800-foot"  sand  aquifer  in  the  Kirkwood  formation 
still  contains  fresh  water,  despite  pumping  which  has  lowered  the 
fresh-water  head  in  the  aquifer  by  more  than  100  feet  (Barksdale, 
Greenman,  Long,  and  others,  1955) » but  the  aquifers  below  the  Kirk- 
wood formation  in  this  area  contain  only  salty  water.  Salty  water 
occurs  in  shallow  aquifers  of  both  the  Cohauasey  sand  and  the  Quaternary 
deposits  at  places  along  the  coast,  bxit  this  probably  has  resulted 
largely  from  pumping  and  to  a lesser  extent  from  dredging  and  drain- 
ing activities;  it  is  not  a natural  condition. 
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Ihe  outcrops  or  intake  areas  of  the  aquifers  la  the  Coastal  Plain 
are  shown  on  plates  6 and  The  ^aatemarjr  deposits  (pi.  7 ), 
which  blanket  large  areas  ol  the  older  aquifers,  corarlng  practlhajLljr 
all  of  Delaware  and  nuch  of  aouthem  lev  Jeraejr,  contain  unconfiaed 
to  sealconflned  water  and  function  soaMwhat  as  a sponge  to  receive 
Infiltration  from  precipitation  and  trananlt  It  to  the  underljrlng 
aquifers . 

Plate  o Is  an  Idealized  cross  section  shoving  geologic  and 
hydrologic  conditions  in  a Coastal  Plain  setting  sladlar  to  that  of 
lev  Jersey  or  Delaware.  A capping  layer  of  pezaeable  sand  and  gravel 
lies  unconfomably’  over  the  seaward-dipping  pre-Quatemary  deposits 
that  constitute  a systen  of  aquifers  and  aqulcludes.  The  Quaternary 
capping  layer  itself  is  largely  an  unconflned  aqiidfer.  Its  vater 
table  is  a subdued  replica  of  the  land  surface  and  vater  flows  frcai 
high  to  low  areas.  The  recharge  that  does  not  escape  locally  to 
streaas— soBie  of  It  soon  enou^  to  be  considered  a part  of  the  di- 
rect nmoff,  but  aost  of  It  as  base  flow— direct  runoff,  or  to  the 
ataosphere  through  ewpotransplratlon  is  available  to  underlying 
aquifers  (designated  A,  B,  and  C In  the  dlagrsB)  throu^  the  so- 
called  "funnel  effect.”  Sils  Is  a system  by  means  of  idilch  precip- 
itation collected  over  a fairly  extensive  area  of  land  surface  is  made 
available  as  recharge  to  maner  underlying  permeable  zones— the  sub- 
‘ surface  intake  areas  of  the  older  aquifers. 

Plate  B Illustrates  also  hov  parts  of  an  aquifer  can  be  both 
artesian  ana  nonarteslan,  although  the  case  Is  necessarily  greatly 
ovaralJi^llf  led . 

Ae  older  aquifers  (pi.  6 ) alac  contain  unconflned  vater  In  much 
of  their  outcrop  or  where  covered  by  the  Qoatemary  deposits,  al- 
though semiconfinement  occ\xrs  where  lenses  of  silt  and  clay  Inhibit 
the  movement  of  water  between  the  water  table  and  deeper  parts  of  the 
aquifers.  As  nay  be  Inferred  from  subsurface  data  on  the  charcu:ter 
of  the  materials  and  from  the  results  of  puaplng  tests,  coa^lete 
lack  of  confinement,  or  tr\te  water-table  conlltlong  probably  are 
rather  uncoMon  even  In  the  shaUover  aquifers  of  the  Coastal  Plain, 
and  conditions  approaching  true  confinement  exist  In  most  of  the 
nonnarlne  sediments  of  Cretaceous  age  idilch  contain  nunerous  lentic- 
ular bodies  of  clay  and  silt  that  greatly  restrict  vertical  luvenent 
of  vater.  nevertheless,  durlxig  extensive  periods  of  withdrawal  and 
recharge  of  vater,  essentially  unconflned  conditions  exist  In  the 
outcrop  areas  of  aost  of  the  Coastal  Plain  aq\ilfers. 

Down  the  dip,  toward  the  coast,  vater  In  the  aquifers  below  the 
Cohansey  sand  Is  confined  by  the  Intervening  aqulcludes.  Dhder  nat- 
ural conditions  Interchange  of  vater  throu^  the  aqxilcludes  la  ex- 
tremely slow  and  probably  minor  In  amount.  However,  significant 
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quButities  of  water  may  move  through  an  aquiclude  where  a Large  differ- 
ence in  hydraulic  head  between  the  adjacent  aquifer*  is  created  by 
pvonping  from  one  aquifer.  Fbr  exan5>le,  assume  the  following  conditions: 
thiclinees  of  aquiclude  is  100  feet;  average  coefficient  of  permeability 
of  aquiclvide  is  0.01  gpd  per  sqtiare  foot;  and  difference  in  head  be- 
tween adjeu:ent  aquifers  is  50  feet.  Then,  the  quantity  of  water  mov- 
ing through  a square-mile  area  of  the  aquiclude  wotild  be  about  l40,000 
gpd — an  amount  sufficient  to  siq^ply  a town  of  1,000  people  at  an  aver- 
age rate  of  consumption  of  l40  gpd  per  person. 

The  physical  and  hydrologic  properties  of  the  aquifers  and  aqul- 
cludcs  of  the  CoastsLl  Plain  are  described  briefly  in  order  from  oldest 
to  yovmgest  in  the  following  pages;  and  a more  abbreviated  description 
is  provided  in  table  1 . Later  sections  sunmarize  the  movement  of 
ground  water  through  the  Coastal  Plain  deposits,  the  importance  of 
storage,  the  chemical  character  of  the  ground-water  s\jpplies,  the  prob- 
lems of  present  and  potential  salt-water  encroachment,  and  the  pro- 
ductivity of  the  aquifers. 

Normarlne  Sediments  of  Cretaceous  Age — the  Major  Grovip  of  Aquifers 

The  r.onmarine  sediments  of  Cretaceous  age  Include  in  ascending 
order  the  Patuxent,  Patapsco,  Raritan,  and  Magothy  formations  (table  1 ). 
These  formations  are  not  separated  herein,  because  together  they  con- 
stitute a major  hydrologic  unit  wh.&e  Individual  aquifers  and  aqul- 
cludes  are  comparatively  inextensive  and  therefore  susceptible  of  class- 
ification only  in  restricted  areas. 

The  nonmarine  sediments— the  lov  ermost  part  of  the  unconsolidated 
sediments  in  the  Coastal  Plain — form  a seaward-thickening  wedge  that 
lies  on  a surface  of  low  relief  cut  on  consolidated  rocks  similar  to 
those  which  crop  out  northw'sat  of  the  Pall  Line  (pis.  4 and  5 )• 

The  wedge  thickens  southeastward  from  zero  along  the  Pall  Line  to 
more  than  3,500  feet  beneath  the  mouth  of  Delaware  Bay  and  more 
than  5,000  feet  beneath  the  southeastern  corner  of  Delaware. 

The  beveled  northvistem  edge  of  the  nonmarlne  sedi- 
ments, most  of  which  is  not  an  out-rop  but  is  largely  covered  with 
Quaternary  deposlta  (conpare  pis.  6 and  7)  fonns  a low.Land  that  ex- 
tends from  northern  Delaware  100  miles  to  the  I'xwer  Raritan  River  and 
Raritan  Bay  in  northeastern  New  Jersey.  Much  of  the  Delaware  River 
estuary  lies  along  this  belt,  as  does  the  Raritan  River  and  its  south- 
western tributaries.  Largely  hecau.-te  of  their  location  near  the  Fall 
Line  where  the  large  centers  of  population  and  Industry  are  concen- 
trated, the  aquifers  in  the  nonmarine  sediments  are  mora  completely 
developed  and  provide  more  water  supplies  than  an/  of  the  other  aqui- 
fers in  the  basin. 
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IDEALIZED  CROSS  SECTION  ILLUSTRATING  "FUNNEL  EFFECT"  IN  RECHARGE 

TO  COASTAL-PLAIN  AQUIFERS 
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Tbe  s<?dinient8  represent  se-veral  noonarine  enTlronnentB — strea, 
■arsh,  lagoonal,  and  estuarine — and,  In  the  iqiper  part,  there  are 
thin  tongues  of  marine  deposits.  The  IndlTldual  beds  or  layers,  which 
are  much  less  extensive  than  the  beds  In  the  overlying  formations  of 
marine  origin,  consist  of  sand,  clay,  silt,  and  a little  gravel. 
Varicolored  tough  clay  and  U^t,  cross-bedded,  fine-  to  coarse-grained 
sand  are  typical.  Lignite  (a  brown  low-grade  coal)  and  pyrlte  (an  Iron- 
sulflde  mineral)  are  prominent  In  same  places.  A few  thin  limy  beds 
containing  shells  occur  In  the  seavmrd  part  of  the  seqxience. 

The  hydrologic  properties  of  the  nonmarine  sediments  vary  greatly. 
Some  of  the  layers  of  coarse-grained  sand  are  hl^ly  permeable,  btrt 
many  of  the  Intervening  layers  of  clay  are  nearly  Im.mi  niibli  Lab- 
oratory coefficients  of  permeability  for  samples  from  the  Barltan 
formation  In  Middlesex  County,  N.  J.,  ranged  from  25  tc  3,500  gpd  per 
square  foot  gave  a weighted  average  of  about  1,300  gpd  per  square 
foot;  the  average  coefficient  for  sands  In  the  Magothy  formation  was 
about  kOO  gpd  per  square  foot  (Barhadale,  and  others,  19^3)* 

Thmping  tests  In  Hew  Jersey  permeability  coefficients  rang- 

ing from  24o  to  2,500  gpd  per  sq^ar;;  foot  and  av-eraglng  about  1,200 
gpd  per  sqviare  foot,  although  the  r-?ults  of  2 tests  in  northern 
Delaware  indicated  lower  penuea'. ’..''.■.tlss  there  (table  2;. 

Coefficients  of  transmlssibllity  frui  l4  pampi'jg  tests  in  Hew 
Jersey,  De?.aware,  and  Pennsyl-.m da  (table  2)  reuig<;d  from  5,000  to 
150,000  gpd  per  foot  and  awraged  60,00C  gpd  per  foot.  Hone  of  these 
values  is  based  on  a penstratlor.  of  the  entire  thickness  of  the  non- 
marine  sediments;  the  thickness  of  aquifers  tapped  ranged  from  10  to 
100  feet,  and  even  the  100-foot  thickness  rspresected  only  partial 
penetration  of  the  unit. 

In  coatrsuit  to  the  moderate  ti  b.igh  permeability  and  trans- 
missibillty  of  the  aquifers  In  the  o-ormarlne  sedlowats,  the  clay 
aqulcludes  probably  have  permeability  coefficients  of  less  than  0.1 
gpd  per  square  foot.  One  aq ale lade  in  the  vlcijilty  of  Camden,  H.  J., 
has  an  estimated  coefficient  of  tracaoilssibiLLty  of  about  0.4  gpd 
I>er  foot  (Sarksdade,  Greenman,  Laag,  and  others,  1958). 

Specific  yields,  determined  by  the  Geological  Survey’s  Hydrologic 
Laboratory,  of  sanqiles  of  sand  frean  Middlesex  County,  H.  J..  aver- 
aged about  35  percent  for  the  Raritan  formation  and  about  40  percent 
for  the  Magothy  formation.  Coefficients  of  storage  determined  from 
the  pmqplng  tests  listed  in  table  4 ranged  from  .000062  to  ,00l6  — 
Indicative  of  confined  condition,: — and  the  median  vas  about  .0003. 
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In  New  Jersey,  most  wells  in  the  nonmarine  sediments  that  are  de- 
signed for  large  capacity,  yield  in  the  range  of  3OO  to  1,000  gpm,  and 
yields  exceeding  1,000  gpm  are  not  uncommon.  In  Delaware,  yields  are 
considerably  less,  as  a rule.  Rasmussen  and  others  (l957>  table  I5) 
reported  an  average  specific  capacity  (discharge  of  a pumping  well  di- 
vided by  the  drawdown  of  water  level)  of  only  about  2 gpm  per  foot  of 
drawdown  for  66  wells  in  northern  Delaware . This  value  indicates  an 
average  coefficient  of  transinissibility  in  the  order  of  only  4,000 
or  5 >000  gpd  per  foot  which  is  comparable  with  the  2,500-8,000  gpd 
per  foot  values  derived  from  purapi::g  tests  at  2 sites  in  that  area 
(table  2). 

Although  individual  beds  of  sand  and  clay  in  the  nonmarine  sedi- 
ments are  quite  lenticular,  water-yielding  zones  have  been  recognized 
in  the  most  intensively  studied  au'eas.  These  zones  appear  to  be 
separated  by  layers  of  clay  that  ai-e  more  extensive  than  those  separ- 
ating the  individual  sandy  layers  within  each  zone,  and  definite 
differences  in  artesian  presstire  and  also  in  the  chemical  character 
of  the  contained  water  exist  between  the  zones.  In  northern  Delaware 
Rasmussen  and  others  (1957)  defined  3 zones  which  were  called  the 
lower,  middle,  and  upper  aquifers;  In  the  Phi lade Iphia-Camden  area, 

2 principal  zones  appear  to  be  present.  Graham  (1950,  p.  2l4-l6, 
fig.  3)  has  given  a lucid  and  concise  description  of  the  ground-water 
occurrence  in  the  Philadelphia-Camden  area,  and  his  geologic  cross 
section  Illustrates  the  nature  of  the  2 zones  mentioned  above . 


Merchant vllle  and  Woodbi 


- a Major  Aquiclude 


The  Merchantville  clay  and  the  overlying  .Voodbury  clay  together 
form  a widespread  major  aquiclude  confining  the  water  in  the  nonmarine 
sediments.  The  combined  unit  crops  out  or  is  covered  by  Quaternary 
deposits  in  a belt  1 to  4 miles  wide  lying  immediately  southeast  of 
the  intake  area  of  the  nonmarine  sediments.  Southeast  of  its  outcrop 
the  unit  underlies  all  the  Coastal  Plain.  The  Woodbury  clay  has  noi 
been  recognized  in  northern  Delawa:i’e,  but  the  Merchantville  clay 
there  probably  is  equivalent  to  the  combined  Merchantville  and  Wood- 
bury clays , and  possibly  also  to  the  Marshalltown  formation  of  New 
Jersey  (Rasmussen  and  others,  1957>  p-  II6) . Near  the  outcrop  the 
Merchantville  and  Woodbury  clays  together  range  in  thickness  from  about 
100  to  l40  feet , but  they  thicken  dcwndip  and  attain  a maximian  known 
thickness  of  more  than  250  feet  in  the  seaward  part  of  Ocean  County,  N.  J. 


The  Merchantville  clay  is  a black  or  greenish-black  glauconitic, 
micaceous  clay.  Glauconite  is  a greenish  to  black  amorphous  mineral 
of  the  iron-potasslum-sllicate  family  and  has  pronounced  cation  ex- 
change properties;  it  is  commercially  mined  in  parts  of  New  Jersey  for 
use  as  a water-softening  agent.  The  Merchantville  clay  is  generally 
greasy  and  massive,  although  the  upi^er  part  is  somewhat  sandy  and  in 
places  is  distinctly  laminated,  particularly  in  Delaware. 
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The  Woodbury  clay,  on  the  other  hand,  is  not  glauconitic,  and 
consists  of  a black  or  bluish-black,  someirtiat  micaceous,  tough  clay. 

It  weathers  to  light  brown  and  breaks  into  distinctive  blocks  having 
curved  or  shell-shaped  fractures. 

The  Merchantville  and  Woodbury  clays,  which  form  the  most  ex- 
tensive and  in^rmeable  auiulcl\jde  in  the  Coastal  Plain,  are  Inqportant 
chiefly  in  protecting  the  imderlying  aquifers  in  the  nonmarine  sedi- 
ments from  contamination  or  encroaichment  of  salt  water  from  above 
and  in  restricting  the  loss  of  water  from  those  aquifers  by  upward 
leakage.  However,  even  though  their  permeability  is  very  low,  the 
Merchantville  and  Woodbury  clays  are  capable  of  transmitting  signifl- 
ctnt  quantities  of  water  where  sizable  differences  in  head  exist  be- 
tween the  overlying  and  underlying  aquifers. 

A few  wells  tap  the  sandy  phases  of  the  Merchantville  clay,  but 
the  Voodbvnry  clay  is  everywhere  too  Impermeable  to  be  a source  of 
s\jpply. 

Minor  Aquifers  and  Aqulcludes  Above  the  Merchantville  and  Woodbury  Clays 

Between  the  aqulclude  formed  by  the  Merchantville  and  Woodbury  clays 
and  the  Kirkwood  formation  is  a sequence  of  aquifers  and  aqulcludes 
ranging  in  thickness  from  about  400  feet  in  its  northwestern  part  to 
about  1,000  feet  beneath  the  coast  at  Atlantic  City,  N.  J.  None  of 
the  aquifers  in  this  sequence  is  an  important  source  of  water  supply 
within  the  Delaware  River  basin,  although  2 of  them— the  EnglishtOwn 
sand  and  the  Red  Bank  sand — are  important  outside  the  basin  in  the 
northeastern  part  of  the  Coastail  Plain.  However,  aLLL  are  capable  of 
being  used  to  a considerably  greater  extent  than  at  present,  should 
the  need  arise  and  economic  factors  be  favorable. 

Engllshtown  Sand 

Overlying  the  aqulclude  formed  by  the  Merchantville  and  Woodbury 
clays  in  the  central  emd  northern  parts  of  the  Coastal  Plain  is  the 
Engllshtown  sand,  a minor  aquifer  in  the  basin  but  a fairly  important 
source  of  water  supply  northeast  of  the  basin  in  Monmouth  and  Ocean 
Counties,  N.  J. 

The  Engllshtown  consists  of  fine-grained  to  pebbly  quartz  sand 
and  a few  inextenslve  layers  of  silt  and  clay.  The  sand  contains 
amai 1 aoounts  of  mlcs  glauconite,  and  in  places,  some  lignite. 
Locally  it  is  cemented  by  iron  oxide.  In  outcrop  the  sand  is  white, 
yellow,  or  brown,  but  in  subsurface  it  is  light  gray.  Clay  and  silt, 
which  are  not  generally  abundant,  occur  mostly  in  the  xipper  part  of 
the  formation. 
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The  Engilahtovn  sand  becomes  finer  grained  toward  the  south 
e€i8t  and  thins  southward.  Its  maxJjnum  thickness  is  about  l60  feet  in 
Ocean  County,  H.  J.,  but  it  wedges  out  and  is  missing  southwest  of 
Swedesboro,  N.  J. 

The  sand  beds  probably  are  moderately  to  hi^ily  permeable,  where- 
as the  few  layers  of  silt  azxd  clay  are  relatively  impermeable.  Ho 
data  on  any  of  the  hydraulic  coefficients  are  available,  nor  have  de- 
tailed data  on  productivity  of  wells  been  assembled.  However,  because 
of  the  wide  range  in  thickness  of  the  aquifer,  its  productivity  var- 
ies greatly  from  place  to  place . Within  the  basin  the  maximum  re- 
I>orted  yield  per  well  Is  200  gpm,  but  more  probably  could  be  obtained 
in  some  places , particularly  in  the  northeastem  part  of  the  Coaatal 
Plain,  outside  the  basin. 

Marshalltown  Formation 

The  Marshalltown  foxioation  is  an  inqxerfect  aqulclude.  It  over- 
lies  the  Engliahtovn  sand  in  most  of  the  Coaistal  Plain  In  New  Jersey 
but  overlies  the  Woodbury  clay  ip  Salem  County,  H.  J.  In  Delaware 
the  Marshall  town  has  not  been  recognized,  but  possibly  equivalent 
beds  there  have  been  assigned  to  the  Merchantville  clay  (Rasmussen 
and  others,  1957,  p.  117). 

The  Marshalltown  formation  consists  of  greenish-black  to  black 
sandy  clay  and  lenticular  beds  of  glauconitic  sand.  Downdlp  to  the 
southeast  where  the  beds  of  sand  become  more  abundant,  the  Marshall- 
town reseaubles  the  Engllshtown  sand  and  the  Wenonah  sand.  The  muT-imiwi 
thickness  of  the  Marshalltown  in  Hew  Jersey  Is  about  125  feet. 

Because  it  Is  thin  and  contains  some  slightly  to  moderately  per- 
meable beds,  the  Marshalltown  formation  constitutes  a "leaky"  or  Im- 
perfect aqulclude.  Down  the  dip,  where  It  becomes  more  sandy,  it 
functions  even  less  effectively  as  an  aqulclude  and  water  moves  between 
the  underlying  Engllshtown  sand  and  the  overlying  Wenonah  sand  where 
the  required  hydraulic  giadients  exist  (Barksdale,  Greenman,  Lang, 
and  others,  195®)  Dumestic  supplies  of  water  may  be  obtained  from 
the  Marshalltown  at  many  places,  and  the  sandy  parts  yield  as  much  as 
40  gpm  to  drilled  wells. 

WeaoiiAi.  aril  (^.XvAnt  iSuiel  SaiiCtf 

Throughout  must  of  the  Coastal  Plain  the  Wenonah  sand  the  over- 
lying  Mount  Laurel  sand  together  fom  a minor  aquifer.  In  noxrthem 
DelBwax'e,  however,  the  Mount  Laurel  sand  has  been  grov^d,  instead, 
with  the  oveilylng  Havesiuk  marl  which  it  resembles  there  (Raatussen 
and  others,  1957 ^ p.  H8). 
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The  Wenonah  sand  is  a slightly  glauconitic , micaceous  quartz 
sand  containing  local  thin  layers  of  silt  and  clay.  The  sand  Is 
mostly  fine-  to  medium-grained  and  gray  or  black  where  unweathered, 
although  in  outcrop  it  is  generally  white,  yellow,  brown,  or  red. 

In  northern  Delaware  it  grades  downward  into  the  Merchantville 
clay. 

The  overlying  Mouni,  Laurel  sand  contains  more  glauconite  than 
does  the  Wenonah  sand,  is  salt-and-pepper-colored,  and  is  mostly 
medium  to  coarse-grained,  though  in  northern  Delaware  it  is  finer 
grained  and  contains  considerable  amounts  of  silt  and  clay.  In 
places  the  Mount  Laurel  is  cemented  by  iron  oxide  to  form  a brown 
sandstone . 

The  outcrop  of  the  Wenonah  and  Mount  Laurel  sands  forms  an  ir- 
regular belt  y mile  to  3 miles  wide  across  the  northeast  part  of 
the  Coastal  Plain  about  8 miles  southeast  of  the  Delaware  River. 

Like  the  other  formations  of  the  Coastal  Plain  wedge  the  unit  dips 
southeast,  and  its  top  is  about  2,l4o  feet  below  sea  level  at 
Atlantic  City,  N.  J.  Near  the  outcrop  the  combined  thickness  of 
the  Wenonah  and  Mount  Laurel  sands  ranges  from  7 to  lO"  feet  and  Is 
greatest  in  southwestern  New  Jersey.  Downdip  toward  the  coast,  the 
thickness  may  exceed  ..  C feet. 

For  the  most  part,  the  beds  of  sand  in  the  unit  are  moderately 
permeable.  Thompson  (1930)  reported  laboratory  coefficients  of 
permeability  of  about  570  a^d  89O  gpd  per  square  foot  for  sand 
san?)le8  from  the  xqjper  and  lower  parts  of  the  aquifer,  respectively. 
An  average  coefficient  of  permeability  for  the  aquifer  in  New  Jersey 
might  be  in  the  range  of  500-700  gpd  per  square  foot  (Barksdale, 
Greenman,  Lang,  and  others,  1959)j  hence  the  coefficient  of  trans- 
misslbility  of  an  average  section  70  feet  thick  would  be  about 
35^000-50,000  gpd  per  foot.  Howeirer,  one  pumping  test  at  Bradley 
Beuch,  Monmouth  County,  N.  J.,  gave  a transmlssibillty  coefficient 
of  only  about  7,000  gpd  per  foot  (Lauig,.  S.  M.,  written  coraiuntcatlon) . 
The  storage  coefficient  for  this  test  was  0.0001,  which  is  indica- 
tive of  confined  conditions. 

Few  data  are  available  on  the  productivity  of  wells  in  the 
Wenonah  and  Mount  Laurel  sands.  From  the  known  properties  of  the 
aquifer  it  may  be  inferred  that  properly  constructed  wells  of  large 
diameter  penetrating  the  entire  aquifer  should  yield  about  hO  or 
50  to  200  gpm. 
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Navesluk  Marl 

Within  the  basin  the  Havesink  marl  and  the  orer lying  formations, 
the  Red  Bank:  sand  and  especially  the  Homerstown  marl,  form  an  imper- 
fect or  leaky  aqulclude  orerlylng  the  aquifer  formed  by  the  Wenonah 
and  Mount  Laurel  sands.  The  Red  Bank  sand  supplies  only  small 
amoimts  of  water  to  veils  vlthin  the  basin  and  is  missing  in  much  of 
central  and  southern  lev  Jersey;  so  in  that  area  the  laTsslnk  and 
Eomerstovn  marls  form  one  aqulclude  having  generally  similar  char- 
acteristics. In  Delaware  the  lavesink  marl  is  almlliff  to  the  under- 
'Irlng  Mount  Laurel  sand  and  tbgethar  vlth  that  fbtmatlon  forms  a -poor 
aquifer  sou-th  of  the  Chesapeake  and  Delaware  Canal  and  ah  li^ierfect 
aqulclude  north  of  -the  canal. 

Ihe  laTBSlnk  marl  consists  of  a green  glauconitic  limy  clay 

and  sand  and  a basal  bed  of  shells.  Clay  is  most  abundant  in  -the 
rq:per  part  of  the  formation.  Its  maximum  thickness  -vl-thln  the  basin 
is  about  40  feet,  diminishing  toward  the  sou-bh  to  25  feet  or  less, 
nie  ccnbined  thickness  of  -the  lavesink  and  Homerstown  marl  ranges 
from  35  to  70  feet. 

Red  Bank  Sand 

The  Red  Bank  sand  is  fairly  coarse  grained,  and  con- 
tains clay  and  scane  glauconite  in  the  lower  part.  In  outcrop  -the 
sand  is  typically  yellow  or  reddish-brown  owing  -to  oxidation  cf  the 
iron-bearing  minerals,  but  in  subs\n:fsce  the  color  is  conmonly  dark 
g:sy.  White  micaceous  sand  and  dark  clay  occur  locally  as  do  some 
beds  cemented  by  iron  oxide.  In  Nonmou-th  County,  I.  J.,  an  upper 
member— -the  Tlnton  sand  member — consists  of  somewhat  cemented  glaucon- 
itic, clayey  sand. 

The  Red  Bank  sand  attains  a thickness  of  185  feet  in  -tbm  aorth- 
eastem  part  of  -the  Coastal  Plain,  outside  -the  basin,  but  -thins 
southward  and  is  missing  altoge-ther  in  central  and  southern  lev 
Jersey.  It  occurs  again  in  Delaware  where  it  la  leas  -than  20  feet 
thick. 

Pew  hydrologic  data  are  available  on  -the  Red  Bank  sand,  but  it 
is  belie-ved  to  be  similar  in  physical  properties  to  -the  Englishtovn 
sand  (Barksdale,  Qreenman,  Lang,  and  others,  1953).  Wl-thln  the  basin 
it  is  not  -thick  enough  to  be  de-veloped  for  more  than  domestic  supplies, 
but  outside  the  basin  it  yields  considerable  quantities  of  water  to 
wells  in  Monmouth  and  northwestern  Ocean  Counties,  I.  J. 
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Horner Btown  Marl 

The  Horner stown  marl,  loveat  formation  of  Tertiary  age  in  the 
Coastal  Plain  (table  l),  is  scarcely  distinguishable  from  the  laTe- 
sink  marl,  ^Ich  underlies  it  in  much  of  the  area.  In  the  north- 
eastern part  of  the  Coastal  Plain  in  Hew  Jersey  and  in  Delaware  the 
2 formations  are  separated  by  the  Red  Bank  sand,  but  in  central 
and  southern  Hev  Jersey  the  Homerstown  and  Havesink  marls  together 
form  an  aquiclude  35-70  feet  thick.  The  maxlm\m  thickness  of  the 
Homerstown  is  albout  5?  feet,  in  Monmouth  County,  H.  J.,  where  it 
confines  the  water  in  the  Red  Bank  sand — an  aquifer  of  some  import- 
ance in  that  area. 

The  Homerstown  marl  is  not  a true  marl — an  unconsolidated  sedi- 
ment contadnlng  a considerable  amount  of  carbonate  as  the  term  is 
defined  geologically — but  actually  is  a dark-green  to  greenish- 
black  glauconite  or  greensand  mixed  with  some  glauconitic  clay  and 
nonglauconitic  sand.  Toward  the  southwest,  sand  and  clay  become 
more  abvindant,  and  in  Delaware  it  is  difficult  to  distinguish  the 
Homerstown  marl  from  the  overlying  Vincentown  sand.  At  some  places 
the  san(^pha8e«%  of  the  Homerstown  yield  small  sxqjplies  of  water  for 
domestic  use. 


Vincentown  Sand 

The  Vincentown  sand  gradationally  overlies  the  Homerstown  marl 
and  underlies  nearly  all  the  Coastal  Plain  southeast  of  the  outcrop 
of  the  Homerstown  marl.  However,  the  outcrop  of  the  Vincentown, 
Itself,  is  missing  in  eastern  Salem  County,  Gloucester  County,  and 
Caittien  County,  R.  j,,  ^lere  it  is  overlapped  by  the  Kirkwood  forma- 
tion (pi.  ) . 

The  Vincentown  sand  consists  of  a fosslllferoue  and  sooewhat  con- 
solidated limy  sand. 9-  i a pai  ' y ■ quartz  sand.  The  limy 

sand  is  more  abundant  within  the  basin,  whereas  the  quartz  sand  is 
more  abundant  in  the  upper  part  of  the  forme;tlon,  especially  north- 
east of  the  basin  in  Monmouth  County,  N.  J. 

Down  the  dip  the  sand  beds  pinch  out  and  are  replaced  by  beds 
richer  in  clay  and  glauconite.  This  change,  which  occurs  within  about 
5-7  miles  of  the  outcrop,  greatly  restricts  the  area  in  which  the 
Vincentown  is  useful  as  an  aquifer.  The  formation  also  thickens  down- 
dip  toward  the  southeast  from  '^'’-100  feet  in  outcrop  to  about  U6o  feet 
at  At Ifuit  ! • ''ity.  n . ''[1 
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Ho  dntR  nre  available  on  the  coefficients  of  permeability,  trans- 
ml8olblllx.y,  and  storoge  of  the  Vlncentovm  Bond.  Hovcver,  the  quartz 
smd  Is  at  leant  moderately  ponaeable,  bb  may  be.  Inferred  from  Its 
medium  to  coaroe  grain  size  and  fjrora  w»ll-yl*ld  Information.  The 
llry  srj\d  probably  Is  lens  permeable  because  of  Its  cementation  and 
rrjiewhat  cnaller  average  size  of  grains. 

Yields  of  veils  In  the  Vlncentovm  sand  range  rather  irldely  ovlng 
lA  part  to  the  variability  In  thlcknoas  and  permeability  of  the  for- 
mation from  place  to  place . Uell  yields  as  much  ao  3OO  3^®~ 

ported  from  the  thicker  ports  of  the  aquifer  In  Ilocccouth  County,  K.  i., 
and  In  the  vicinity  of  Colem,  H.  J.,  but  elsewhere,  yleldo  of  50-100 
rpm  are  more  coriion  (Barksdale,  Greenmnn,  Lang,  and  others,  1950). 
Properly  constructed  veils  might  be  expected  to  yield  40  or  50  to  -kOO  gjai 
at  most  places  In  the  aquifer  (pi.  y ). 

Manai  quan  and  SI"  u"ic  bi/'t-r  Marls 

The  Menasquan  marl  crops  out  In  a discontinuous  belt  generally 
less  than  a mile  vide  from  Clemonton  In  eastern  Camden  County,  If.  J., 
to  the  vicinity  of  Long  Branch  In  Monmouth  County,  H.  J.  (pi.  6 ). 

Overlap  by  the  Klrkvood  formation  creates  the  long  gaps  In  this  belt, 
and  parts  of  the  beveled  edge  of  the  llanasquan 'marl  are  covered  by 
Quaternary  deposits.  Beneath  the  surface  the  Mnnnoquan  Is  present 
In  most  of  that  part  of  Ilev  Jersey  east  of  a ?.lne  from  Cope  May  to  the 
outcrop  at  Clementon.  The  Shark  River  marl  o’rerlles  the  Ilcnasquon 
aniV  1b  known  only  In  Monmouth  County , N . J . !ln  outcrop  the  maximum 
thickness  of  the  Shark  River  marl  Is  about  11  feet , end  of  the 
Nanaaquan  marl,  about  25  feet.  In  Bubsurf«u:e  the  combined  unit 
thickens  southeastward  to  about  200  feet  at  Atlantic  City,  H.  J. 

The  lower  part  of  the  Manasquan  marl  Is  composed  chiefly  of 
glauconite  (greensand),  whereas  the  upper  par1.  Is  compoEed  of  an  ashy 
mixture  of  very  fine-grained  sand  mid  greenish -white  clay.  The  Shark 
River  marl  consists  of  a mixture  of  givensand  and  light  silty  clay  In 
which  the  uppermost  2-3  feet  is  ce^iented. 

The  Monasquaui  and  Shark  River  msjrLs  form  an  aquiclude  confining 
water  In  the  Vlnceutown  sand..  Wliere  the  Vincentown  Is  productive, 
the  aquiclude  Is  not  more  than  25  feet  thick  and  contains  beds  having 
moderate  permeability;  therefore  It  probably  is  not  very  effective 
as  an  aquiclude . 
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Piney  Point  Formation 

The  Piney  Point  formation  does  not  crop  out  within  the  basin  and 
vas  not  recognized  as  a distinct  aquifer  in  the  area  vintil  Marine 
and  Rasmussen  (19^^)  described  the  formation  in  Delaware. 

The  Piney  Point  occiirs  only  beneath  the  southern  part  of  the 
Coastal  Plain — beneath  Kent  and  Sussex  Counties,  Del.,  and  in  the 
southern  parts  of  Cumberland,  Cape  May,  and  Atlantic  Counties,  N.  J. 

It  rests  on  a surface  eroded  euiross  the  Nanasquan  marl,  Vincentown 
sand,  and  Hornerstown  marl;  in  turn  it  is  overlain  unconformably 
by  the  Kirkwood  formation.  In  thickness  the  Piney  Point  formation 
ranges  from  nearly  nothing  eLLong  its  northern  edge  where  It  wedges 
out  between  the  overlying  and  underlying  formations  to  about  290 
feet  a\,  Atlantic  City,  N.  J 

As  detenni.ned  entirely  from  well  samples,  the  Piney  Point  forma- 
tion consists  of  beds  of  coarse-  to  fine-grained  glauconitic,  salt- 
and-pepper-colored  sand  and  greenish-gray  clay. 

All  water  in  the  formation  is  confined  and  is  subject  to  recharge 
only  frcm  adjacent  beds,  especially  iriiere  they  are  relatively  perme- 
able. No  data  on  its  water-yielding  character  are  available,  be- 
cause the  formation  has  been  developed  only  slightly  for  water  supplies. 

Kirkwood  Formation,  an  Important  Croup  of  Aquifers  and  Aquicludes 

The  Kirkwood  formation,  which  contains  several  lJiQ)ortant  aquifers 
in  the  Coastal  Plain  of  Hew  Jersey  and  Delaware,  underlies  practically 
all  the  Cohemsey  sand  in  New  Jersey  and  crops  out  in  a northeast- 
trending  belt  Inland  from  the  outcrop  of  the  Cohansey  (pi.  *.  The 
j Kirkwood  does  not  crop  out  in  Delaware,  but  it  underlies  the  i^uater- 

• nary  deposits  in  approximately  the  southern  two-thirds  of  the  State 

I (ccanpare  pis.  ^ and  . It  extends  seaward  beneath  the  Cohansey 

sand  and,  irtiere  sea-waxer  encro€u:hment  has  not  resulted  from  pumping 
of  wells,  contains  fresh  water  beyond  the  present  shoreline.  The 
Kirkwood  also  mderlies  most  of  Delaware  Bay. 

iThe  Kirkwood  formation  lies  on  a burled  surface  of  very  low  relief 
cut  on  formations  ranging  down  in  the  seauence  from  the  Piney  Point 
formation  to  the  Navesink  marl  (table  1 } Throughout  most  of  its 
extent,  however,  it  overlies  the  Manasquan  marl  or  the  Vincentown  sand. 
The  lower  p?.rt  of  the  formation  dips  about  25  feet  per  mile  to  the 
southeast,  whereas  the  upper  part  dips  a little  more  than  10  feet  per 
mile.  The  thickness  ranpes  from  nearly  zero  along  its  northwest 
edge  to  probably  more  than  YOO  feet  beneath  the  mouth  of  Delaware  Bay. 
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In  outcrop  the  KlrkvoOd  foniatlon  conslets  chiefly  of  flue- 
srained  nlcaceous,  quarttoee  sand  alternating  vlth  layers  of  silt 
and  clay  of  rarlahle  thickness.  Locally,  beds  of  Ugnltlc  black  clay 
are  prcnlnent.  The  Shiloh  marl  ■ead>er,  a hl^xly  fossllferous  clayey 
or  silty  sand,  occurs  at  the  top  of  the  formation  In  southern  lev 
Jersey. 

In  subsurface  the  proportion  of  silt  and  clay  Increases  dovn 
the  dip  toward  the  coast,  but  the  beds  of  sand  beccsK  coarser  gralxied 
and  more  permeable.  Silt  and  clay  are  estimated  to  constitute  at 
least  foin'-flfths  of  the  total  thickness  of  the  Elrkwood  formation 
at  Atlantic  City  (Barksdale,  Oreenman,  Lang,  and  others,  19^)* 

SeTeral  prominent  sandy  zones  In  the  Kirkwood  have  been  designated 
as  aquifers:  The  Chesvold  aquifer  In  Delaware,  and  Its  possible 

equivalent,  the  "dCXl-foot"  sand,  at  Atlantic  City,  N.  J.;  the  Frederica 
aquifer  In  Delaware,  separated  from  the  underlying  Cheswold  aquifer 
by  about  100  feet  of  silt  and  clay;  and  some  aquifers  above  the 
"800-foot"  sand  In  coastal  Hew  Jersey,  the  highest  of  which  nay  be 
equivalent  to  the  Shiloh  marl  member  or  to  the  nrederlca  aquifer. 

Because  of  the  absence  of  deep  wells  throvigh  much  of  the  extent 
of  the  Kirkwood  formation,  particularly  In  southern  Hew  Jersey  between 
the  coast  and  the  area  of  outcrop,  probably  not  all  the  eu^ulfers  In 
the  Kirkwood  formation  are  known. 

Field  and  laboratory  tests  to  date  have  Indicated  only  moderate 
permeabilities  for  the  aquifers  In  the  Kirkwood  formation.  Laboratory- 
determined  coefficients  of  permeability  for  several  saag)lee  of  the 
"dOO-foot"  sand  at  Atlantic  City  averaged  about  860  mgd  per  foot 
(Thooq>son,  1928) . A piiq>lng  test  laade  In  19^2  In  the  same  arcta  gave 
< a closely  cooparable  average  coefficient  of  about  880  gpd  per  square 

{ foot  for  an  80-foot  thickness  of  aquifer.  Elsewhere,  pumping  tests 

, and  estimates  based  on  yields  of  Individual  wells  have  yielded  small- 

i er  values — In  the  order  of  100-500  gpd  per  square  foot. 

Coefficients  of  transmisslbllity  derived  in  pvmq>ing  tests  range 
I from  9/DCto  70,000  gpd  per  foot,  and  coefficients  of  storage  determined 

so  fur  ere  all  about  0.0003,  except  In  one  test  at  Ancora,  H.  J. 
which  gave  a value  of  O.OCOk.  The  remarka}>ly  consistent  values  of  stor- 
age < ^efficient  may  be  Just  an  accident  because  of  the  small  statis- 
tical sauq)le.  These  coefficients  are  representative  of  confined 
conditloDS. 
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Cobans&y  Sand,  an  Aq.uifer  of  Great  Potential 

The  Cohaiisey  sand,  perhaps  the  most  promising  futirre  source  of 
ground-vater  supplies  in  the  Coastal  Plain  of  New  Jersey  and  Delaware 
occurs  at  or  near  the  land,  surface  throughout  most  of  the  outer  part 
of  the  Coastal  Plain  in  New  Jersey— an  area  of  about  2,500  square 
miles,  of  which  about  1,000  square  miles  is  within  the  basin  (pi. 

The  Cohansey  may  be  present  also  in  southern  Delaware,  but  owing  %'j 
the  difficulty  of  distinguishing  it  from  the  overlying  Quaternary 
deposits,  its  presence  there  has  not  been  confirmed.  In  Hew  Jersey 
much  of  the  Cohansey  sand  is  blanketed  by  the  Quaternary  deposits— 
chiefly  the  Bridgeton  and  Cape  May  format ions --which  are  generally 
thin  but  attain  a thickness  of  about  200  feet  in  buried  vsHeys  and 
in  places  along  the  coast.  The  outcrop  of  the  Cohansey  is  a gently 
seaward- sloping  plain  of  low  relief  characterized  by  extensive 
marshes  along  most  of  the  streams. 

The  Cohansey  sand  lies  on  a buried  B\irface  of  low  relief  eroded 
on  the  Kirkwood  and  older  formations.  The  dip  of  beds  in  the  Cohansey 
averages  about  10  feet  per  mile  to  the  southeast,  and  the  formation 
extends  seaward  beyond  the  coast,  beneath  the  Quaternary  deposits 
(pi.  , ).  The  thickness  of  the  formation  ranges  from  nearly  zero 

where  beveled  by  erosion  along  its  northwestern  margin  to  about  265 
feet  at  Atlantic  City  on  the  coast. 

The  Cohansey  consists  largely  of  typically  light-colored  quartzase, 
soiaeTrtiat  micaceous  sand,  but  it  also  contiins  lensen  of  oilt  and  clay 
as  much  as  Cy  feet  thick,  and  some  gravel.  The  sedijaents  "probably 
were  deposited  in  estxia’-les  and  deltas  except  toward  the  southeast 
where  they  may  ha-ve  been  depotitod  in  the  ocean.  The  aveiage  grain 
size  of  the  materials  decreases  scutheastvarl;  and  beds  of  silt  and 
clay  become  thicker  and  more  abundant  near  the  coast . 

On  the  whole,  the  Cohansey  s.and  is  a highly  permeable  formation. 

•Hie  coefficient  of  pensaalillty  of  the  well-sorted  raedlim-  to  coarse- 
grained sand  probably  is  exceeded  oiuy  by  acme  of  the  aand  and  gra"TOl 
in  the  glac IsLl-outwash  and  channel-fill  deposits  of  Pleistocene  age. 
Coefficients  of  permeability  for  the  Cohansey,  determined  from  pimp- 
ing tests  made  in  Cumberland,  Atlantic,  and  Cape  May  Co'unties,  N.  J., 
range  from  about  5OO  to  loore  than  5,000  gpd  per  aTuare  foot  and  airer- 
aged  more  than  1,000  per  square  foot  (table  3 

The  transmissibillty  ranges  from  moderate  to  h.igh,  depending  in 
part  on  the  thickness  of  the  aquifer.  Coefficients  o"^  tranamisslbil- 
ity  determined  from  the  puaqdnc  teste  cited  La  tab.le  remge  from  about 
ho, 000  to  more  than  200,000  gpd  per  foot.  All  these  lvalues  are  based 
on  lesB  than  complete  penetration  of  the  Cohansey  and  hence  are  too 
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lov  to  be  repreBentative  of  the  full  thickneBB.  Even  so,  they  are 
coi^arable  to  transmlBslbility  coefficients  determined  for  the  aqui- 
fers that  at  present  are  most  productive — those  in  the  nonmarine 
sediments  of  Cretaceous  age  (table  2) . 

Bie  coefficients  of  storage  team  the  tests  listed  in  table  3 
range  tram  0.0008  to  0.002  — valvtes  representative  of  confined 

to  semiconfined  conditions  rather  than  of  unconfined  conditions. 

Such  storage  coefficients  are  not  representative  of  the  specific 
yield,  which  as  determined  by  laboratory  tests,  is  about  0.25.  If 
pvm^i^  of  the  confined  sands  should  proceed  at  any  pleu:e  to  the 
point  where  the  piezometric  siirfewe  falls  below  the  confining  layers, 
then  values  of  the  coefficient  of  storage  would  approach  or  equal 
the  specific  yield. 

Modern  drilled  wells  in  the  Cohansey  sand  may  reasonably  be  ex- 
pected to  yield  between  IDO -and  1,000  gpm  and  even  higher  yields  may 
be  obtained  without  excessive  drawdown  in  places  where  the  thickness 
of  the  aquifer  exceeds  100  feet. 


Beacon  Hill  Gra-vel  - a Eemnant  Can 


The  Beacon  Hill  gravel,  or  Bryn  Mawr  gravel  as  its  probable  equiv- 
alent is  called  in  the  Piedmont  province  (Richards,  1956),  occvn-s  at 
widely  scattered  places  where  It  caps  broad  hills  and  ridges.  The 
Beacon  Hill  occurs  at  only  2 places  in  the  portion  of  the  Coastal 
Plain  within  the  basin  but  caps  about  25  hills  outside  the  basin  in 
MoflBK>uth,  Ocean,  and  Burlington  Counties,  N.  J.  (pi.  6 In  the 
Piedmont  in  southeastern  Pennsylvania  and  northern  Delaware  the  Bryn 
Mawr  gravel  caps  several  broad  interstream  areas  at  altitudes  of 
about  300  feet. 

The  Beacon  Hill  gravel  consists  of  highly  weathered  deposits  of 
sand,  gravel,  silt,  and  some  clay  which  are  in  places  cemented  by 
iron  oxide.  Some  of  the  pebbles  are  so  weathered  that  they  crumble 
to  trlpoll — a friable  or  dustlike  silica.  The  Pliocene(?)  age  listed 
in  table  1 is  uncertain,  because  no  fossils  have  been  found  in  the 
formation. 

Because  of  its  position  on  hilltops  above  the  water  table,  wells 
in  the  outcrop  pass  throu^  the  Beacon  Hill  gravel  into  saturated 
materleds  below.  Therefore  its  hydrologic  significance  lies  in  its 
function  as  a moderately  to  highly  permeable  Intake  area  for  the 
underlying  formations  (pl.6  ). 
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Quaternary  Deposits— an  Jinportant  Groiip  of  Aquifers 
and  a Ported  for  Ground-tfater  Recharge  and  Discharge 

In  the  Coaatal  Plain  the  uncon^Udated  aedlments  of  Quaternary 
age  ccmprlse  several  geologic  formations  and  units  that  overlie  the 
older  formations  as  valley  fills,  thin  blanketllke  masses,  and  scat- 
tered caps  on  ridges  and  hills.  With  the  exertion  of  relatively 
thin  deposits  of  Recent  age  along  streams,  marshes,  and  beaches, 
these  deposits  were  laid  down  dvirlng  the  Pleistocene  epoch,  or  Ice 
Age,  as  It  Is  often  called.  All  the  deposits  therefore  are  less  than 
about  a million  years  old  axid  are  much  younger  than  the  underlying 
Cretaceous  and  Tertiary  formations  (table  l) . The  Quaternary  deposits 
are  shown  on  a separate  geologic  map  (pi.  T ) because  they  mask  the 
Cretaceous  and  Tertleury  formations  to  extensively  In  some  areas  that 
the  relations  of  those  formations  c^uld  not  be  shown  on  the  seme  map 
with  the  Quaternary  formations.  The  extent  of  some  of  the  Qviatemary 
formations  has  not  been  defined  accurately  In  much  of  the  region, 
partly  because  of  the  lack  of  detailed  geologic  study  but  at  many  places 
also  because  of  the  difficulty  of  distinguishing  these  formations  from 
the  underlying  formations  of  Cretaceous  and  Tertiary  age. 

Bridgeton  and  Pensauken  Formations 

The  Bridgeton  formation  and  younger  Pensauken  formation  are 
blaziketUke  deposits  of  quartzose  CTavel,  sand,  and  silt  In  broad  Inter- 
stream areas  In  the  Coastal  Plain  (pi.  7 )•  The  Bridgeton  Is  generally 
somei^iat  more  highly  weathered  thfui  the  Pensauken  but  the  two  forma- 
tions are  very  similar.  In  places  It  Is  difficult  to  distinguish  the 
Bridgeton  from  the  coarser  phases  of  the  underlying  Cohansey  sand. 

TSie  Bridgeton  lies  at  altltiades  more  than  I50  feet  above  sea  level 
In  central  New  Jersey  and  above  ICX)  feet  In  southern  New  Jersey,  where- 
as the  altitude  of  the  base  of  the  Pensauken  declines  southward  from 
about  100  feet  In  the  area  between  South  Amboy  and  Camden,  N.  J.,  to 
30  feet  south  of  Salem,  N.  J.  The  Pensauken  occurs  also  northwest  of 
the  Fall  Line  In  Pennsylvania  where  It  lies  at  altitudes  of  as  much  as 
170  feet  above  sea  level  (Bascom,  Clark,  Darton,  and  others,  1909;  P*  l^X 

Both  the  formations  were  deposited  In  broad  valleys  by  the  ancestral 
Delaware  River  and  Its  tributaries.  The  Bridgeton  formation  Is  as  much 
as  70  feet  thick,  but  the  Pensauken  generallv  does  not  exceed  about  20 
feet  In  thickness  (Canqpbell  and  Bascom,  1933) * 
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Althougb  thesa  foroatlona  ar«  exteatlTe  in  naay  parts  of  the 
Coastal  Plain  (pi.  " ),  they  are  scarcely  thick  enough  to  prorlde 
large  supplies  of  in«i.er  to  veils,  nonetheless,  they  act  as  permeable 
entry  areas  for  ground-water  recharge,  and  where  they  overlie  permeable 
formavions  such  as  the  Cohansey  sand  and  pexmeable  beds  In  the  non- 
marlns  Cretaceous  sediments,  they  constitute  water-table  aquifers  In 
conjunction  with  those  formations,  as  shown  In  the  schematic  diagram, 
(pi.  3).  Where  they  overlie  aqulcludes  or  less  permeable  beds  the 
Bridgeton  and  Pensauken  probably  are  capable  of  yielding  only  msall 
sillies  sufficient  for  dxsmestlc  or  mBall-farm  uses.  In  such  situ- 
ations the  water  they  contain  discharges  naturally  along  a.  line  of 
seeps  or  small  springs  near  their  base. 

Unclassified  Deposits  of  Pleistocene  Age 

The  unclassified  deposits  of  Pleistocene  age  Include  a variety 
of  materials  that  do  not  belong  to  the  Bridgeton,  Penaauken,  Cape 
May  or  Talbot  formation  and  whose  proper  asslgiaimt  awaits  the  find- 
ings of  future  field  Investigations.  In  Delaware  these  deposits 
were  assigned  to  the  Wicomico  formation  In  the  U.  8.  Oeologlcal 
Surrey  Oeologic  Atlas  Polios  (Miller,  1906;  Bascom  and  Miller,  1920). 

In  lev  Jersey  the  imclasslfled  deposits  were  described  In  the  U.  8. 
Oeologlcal  Survey  Folios  as  a dlscontlniioua  mantle  of  surface  mater- 
ial idiose  age.  In  many  places,  is  not  determinable . Owing  to  their 
thlmness  and  uncertain  extent  the  xmclassifled  deposits  In  lev  Jersey 
are  not  shown  on  plate 

The  Viccmlco  formation  In  Delaware  Is  described  as  a broad 
blanketlike  deposit  of  loam,  sand,  gravel,  and  scattered  boulders 
which  lies  topographically  above  the  adjacent  younger  Talbot  forma- 
tion (Miller,  1906V  The  Vlconlco,  idilch  is  as  much  as  ^0  feet  thick, 
is  reported  to  be  somewhat  fine  grained  toward  the  top . 

In  Vev  Jersey  the  unclassified  deposits  include  a variety  of  mater- 
ials ranging  from  silt  and  clay  to  coarse-grained  sand  and  gravel. 

The  deposits  generally  are  only  a few  feet  thick  and  at  many  places 
they  closely  resemble  the  weathered  parts  of  the  underlying  formations 
of  Cretaceous  axid  Tertiary  age. 

The  hydrologic  propeirtles  of  the  unclassified  deposits  ore  not 
well  known.  Probably  they  serve  primarily  as  a moderately  to  highly 
permeable  blanket  through  which  recharge  enters  the  underlying  aqui- 
fers or  through  idilch  ground  water  discharges.  In  Delaware,  buried 
valleys  or  channels  filled  by  deposits  provide  large  yields  to  favor- 
ably situated  wells. 


Cape  May  and  Talbot  Formations 


The  Cape  May  formation  and  its  probable  equivailent  in  Delaware, 
the  Talbot  formation,  form  a rouchlyr  wedge-shaped  mass  thinning  in- 
land and  having  tonguelike  extensions  up  the  larger  stream  valleys. 

The  Cape  May  includes  broad,  blanicetlike  deposits  and  channel-fill 
or  valley-fill  deposits  which  rasif  be  more  than  100  feet  thick  in 
northern  Delaware.  The  exact  relatioi^j  of  the  Cape  May  formation  to 
the  glacial  outwash  to  the  north  are  not  known,  but  the  coarse-grained 
gravelly  deposits  in  the  broad  valley  adjacent  to  the  Delaware  River 
near  Trenton,  N.  J.,  have  been  described  both  as  outwash  and  as  Cape 
May  formation  in  earlier  reports  (compare  Greenman,  1955>  and  Bascom, 
Darton,  KlWiel,  and  othe-^s,  I909) . Richards  (1956,  p.  89)  believes 
that  no  sharp  lines  exists  between  the  Cape  May  formation  and  the 
glacial  outwash.  Parts  of  the  Cape  May  formation  near  the  coast  are 
of  marine  origin,  and  the  upper  part  of  the  formation  includes  estuar- 
ine deposits  of  clay  and  silt. 

Much  of  the  Cape  May  and.  Talbot  formations  consists  of  stream- 
deposited  seind  and  gravel  that  are  much  less  weathered  than  the  depos- 
its of  the  Bridgeton  and  Pensauken  formation.  Where  such  deposits  lie 
in  buried  valleys  more  than  100  feet  deep,  large  yields  may  be  obtained 
from  drilled  wells.  Rasmussen  and  others  (1957,  p-  12^4-)  reported 
yields  of  as  much  as  1,000  gpm  from  drilled  wells  in  these  buried  val- 
leys in  Delaware.  At  present,  however,  the  location  of  the  buried  chan- 
nels and  valleys  is  known  only  in  a general  way  in  northern  Delaware 
and  in  Cape  May  County,  N.  J. 

Toward  the  coast  the  estueirine  deposits  of  clay  and  silt  in  the 
upper  part  of  the  Cape  May  formation  confine  the  water  in  the  under- 
lying deposits  of  sand  and  gravel.  The  top  of  this  silt-clay  aqulclude 
is  as  much  as  30  feet  above  sea  level,  but  the  underlying  sand  and 
gravel  extend  below  sea  level;  therefore  the  ground  water  of  these  de- 
posits is  hydraulically  continuous  with  sea  water.  Such  conditions 
make  it  possible  for  salt-water  encroachment  to  talce  place  where  pump- 
ing has  lowered  water  levels  below  sea  level.  In  some  places  encroach- 
ment already  has  occurred. 

Together  with  the  glacial  outwash  the  Cape  May  smd  Talbot  forma- 
tions constitute  one  of  the  most  promising  sources  of  ground-water 
supplies  in  the  southern  part  of  the  Delaware  River  basin.  Yields  of 
several  thousand  gallons  per  minute  to  individual  wells  ai-e  possible 
in  places,  especially  where  recharge  may  be  induced  from  adjacent 
streams  and  other  fresh-water  bodies. 


36. 


Bac in-Rim  Sand 

Throughout  parts  of  the  Coastal  Plain  are  sraail,  generally  ellip- 
tical basins,  the  rims  of  which,  and  in  places  the  interiors,  are 
formed  by  deposits  called  basin-rim  sand  (Rasmussen,  1953).  The  upper 
part  consists  of  fine-grained  sand  arid  silt,  whereas  the  lower  part  is 
a deposit  of  reddish-brown  poorly-  sorted  coarse-grained  sand  and  gravel 

The  basins  collect  runoff,  allowing  it  to  infiltrate  to  the 
ground -water  body,  or  where  the  underlying  materials  are  saturated, 
the  basin  centers  are  sites  for  large  evapotranspiration  losses . Thus 
the  basins  function  as  portals  for  recharge  or  discharge  of  ground 
water,  or  for  both  at  different  times  of  the  year. 

Glacial  Outwash  and  Alluvium 

The  glacial  outwash  was  deposited  by  streams  flowing  from  the 
continental  glaciers  that  occupied  the  northern  part  of  the  basin. 

The  most  extensive  and  permeable  outwash  deposits  in  the  Coastal  Plain 
are  those  of  the  Wisconsin  glacial  stage  uhat  occupy  the  broad  valley 
ad.iacent  to  the  Delaware  River  near  Trenton.  Older  outwash  deposits 
are  herein  grouped  with  the  Pensauken  formation  and  possibly  the 
Bridgeton  formation.  Thin  alluvium  of  Recent  age  is  groiq^ed  with  the 
underlying  outwash  of  Wisconsin  age  because  of  the  difficulty  in  dif- 
ferentiating the  2 deposits  and  because  they  are  hydraulically  con- 
nected. The  glacial  outwash  appears  to  be  mixed  with  similar  de- 
positr  of  the  Cape  May  formation  downstream  from  Trenton,  N.  J., 

(ri.  7). 

The  glac ial-outwash  deposits  which  are  largely  relatively  un- 
weathered sand  and  gravel,  are  highly  permeable  and  yield  as  much  as 
1,050  gpBi  to  wells  in  southeastern  Bucks  County,  Pa.,  (Greennan, 

19'55>  P-  39).  The  outwash  is  quite  similar  in  hydrologic  properties 
to  the  coarse-grained  part  of  the  Cape  May  formation. 

Marsh  and  Dwamp  Deposits 

The  marsh  and  swamp  deposits  occur  along  the  streams  and  tidal 
estuaries  and  consist  of  dark  silt  and  clay  mixed  with  organic  matter. 
They  are  all  or  partly  covered  by  water  most  of  the  time  and  generally 
are  in  such  a loose , flocculent  state  that  appreciable  recharge  and 
dlsciiarge  nay  pass  through  them.  Along  bays  and  estuaries  the  marsh 
deposits  may  serve  as  portals  for  selt-water  encroachment  into  under- 
lying ahollcjw  aquifers  in  which  the  hydraulic  head  has  been  lowered 
below  sea  level  by  pumping  or  by  rirainage  operations  that  reduce  fresh- 
water head  above  sea  level.  Under  natural  conditions  the  fresh -water 
i.arshes  anu  swairps  ore  probablj’  the  sites  of  great  quantities  of 
T^und-wg+rr  lischarife. 
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Beach  and  Dime  Rands 

TTie  beach  and  dune  sands  consist  of  loose  well-sorted  sands  alon,'^ 
the  beaches  and  offshore  bars.  The  total  thickness  of  these  deposits 
probably  does  not  exceed  10  feet,  except  near  Lewes,  Del.,  where  dunes 
are  as  much  as  8o  feet  hipih.  The  beach  and  dune  sands  act  as  a per- 
meable collector  for  recharr^e  which  in  places  may  be  transmitted  to 
*^he  underlylnp;  Cape  May  formation.  Also,  they  locally  provide  small 
supplies  of  fresh  water  for  domestic  use  alono  the  shore. 

RECHABOE  AND  DISCHARCE 

Dnder  natural  conditions  the  aquifers  of  the  Coastal  Plain  are 
recharged  largely  by  infiltration  of  precipitation  on  their  Intake 
areas,  which  consist  either  of  the  outcrops  themselves,  or  the  over- 
lyln,"?  blanket  of  Quaternary  deposits  ''pi.  8 ).  Seepas^e  from  the  head- 
water reaches  of  streams  may  contribute  a small  amount  of  additional 
recharf^e. 

Some  buried  aquifers  receive  recharge  from  adjacent  aquifers 
across  the  interveninp;  aqulcludes,  but  such  recharge  does  not  con- 
stitute a net  gain  of  water  in  the  system. 

The  average  rate  of  natural  recharge  to  the  Coastal  Plain  aqui- 
fers has  not  been  determined  directly.  However,  a 2-year  water 
budget  was  made  by  Rasmussen  and  Andreasen  ( 19^8)  for  the  drainage 
basin  of  Beaverdam  Creek,  an  area  of  19-5  square  miles  In  the  Coastal 
Plain  of  Maryland  about  50  miles  southwest  of  the  mouth  qf  Delaware 
Bay.  The  physical  and  climatic  conditions  at  Beaverdam  Creek  are 
believed  to  be  similar  to  those  in  the  aquifer  Intake  areas  in  most 
of  the  Coast.al  Plain  in  New  Tersey  and  Delaware.  Rasmussen  and 
Andreasen  found  that  the  average  rate  of  Infiltration  or  recharge 
was  a little  more  than  1 mgd  per  square  mile,  which  amounted  to 
sll'^ditly  more  than  half  the  average  anniial  rate  of  preclplt.atlon. 

A semi -Independent  check  of  the  results  of  the  Beaverdam  Creek 
st\idy  is  provided  by  an  analysis  of  precipitation  and  runoff  data  in 
the  Coast.al  Plain  of  New  Jersey  and  Delaware.  Table  summarizes  the 
data  derived  from  maps  prepared  by  the  U.  S.  Ceologlcal  Survey  and 
the  U.  S.  Weather  Bureau  showing  precipitation,  water  loss,  and  run- 
off, and  from  base -flow  recession  curves  and  streamflow  hydrographs 
developed  by  the  c,eologlcal  Survey. 

The  values  of  precipitation,  water  loss,  and  runoff  are  averages 
for  a 30-year  period  (1921-50)  and  thus  are  virtually  unaffected  by 
any  change  in  the  quantity  of  water  in  storage  during  the  period.  The 
last  item --base -flow,  chiefly  ground-water  runoff--lndlcates  the  lower 
limit  of  the  ground-water  discharge,  and  also  the  lower  limit  of  ground- 
water  recharge,  because  not  all  ground-water  recharge  eventually  is 
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dlBcharged  into  streams;  a large  part  is  discharged  as  evapotranspir- 
ation,  and  some  ground  water  in  the  Coasted.  Plain  is  discharged  di- 
rectly to  the  estuaries,  bays,  and  ocean  as  unmeasured  outflow.  Total 
gpTOxmd-vater  discharge,  then,  includes  a part  of  the  water  loss  in 
table  eis  well  as  all  the  base  flow  ( groiond -water  runoff). 

Total  ground-water  recharge--or  discharge — may  be  calculated  as 
the  sum  of  the  bane  flow  of  streams,  the  discharge  of  ground  water  by 
erapotranspiration,  and  the  unmeasured  ground-water  outflow  beneath 
and  between  streams . Two  methods  of  calculating  the  recharge  or 
discharge  are  used  in  the  following  example . In  both  methods  the  base 
flow  is  estimated  to  average  about  0.6  mgd  per  square  mile  (table  4); 
and  on  the  basis  of  the  Beaverdam  Creek  st<udy  (Rasmussen  and  Andreasen, 
195?')  > ground-water  discharge  by  evapotrans^piration  is  estimated  to 
be  aboirt  40  percent  of  the  total  evapotranspiration  loss. 

In  the  first  method,  iinmeasured  ground-water  outflow  is  assumed  to 
be  negligible;  hence  all  the  water  loss  in  table  4 is  assumed  to  re- 
present evapotranspiration.  Thus,  base  flow  (0.6  mgd  per  sq  mi)  + 
ground-water  discharge  by  evapotranspiration  (0.4  x 1.2  = O.5  mgd  per 
sq  mi)  = totsJ.  ground -water  recharge  or  discharge  (l.l  mgd  per  sq  mi). 


I 

1 


I 

• 1^  Largely  evapotranspiration,  but  includes  some  unmeasxired  ground- 

j water  outflow . 

[ 2/  Estimated  value  based  on  an  interpretation  of  base-flow  recession 

. curves  and  streamflow  hydrographs  for  Coastal  Plain  streams  in  the 

Delaware  River  basin  and  New  Jersey.  The  value  for  Beaverdam  Creek 
basin,  Md.,  wsus  nearly  72  percent  (Rasmussen  and  Andreasen,  195'8) , or, 
allowing  for  change  in  storage  during  the  budget  period,  perhaps  ?4 
percent . 


Table  4.— Water  budget  for  Coastal  Plain  of  Delaware  River  basin 

and  New  Jersey 


Approximate 

Average 

Average  per- 

Average 

Item 

range  (mgd 

(mgd  per 

cent  of  pre- 

percent 

per  sq  mi) 

sq  mi) 

cipitation 

of  runoff 

Free ipitatipn 
Water  loss  i/ 

1.9  - 2.3 
1.1  - 1.4 

2.1 

1.2 

100 

57 

- 

Runoff 

.65-  1.2 

•9 

43 

100 

Direct  runoff 

- 

.3 

14 

Base  flow 

- 

.6 

29 

6li/ 

(chiefly  ground- 
water  runoff) 
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In  the  second  method,  unmeacm-ed  ground-water  outflow  is  assumed  to 
be  0.2  mgd  per  square  mile  (probably  a maximum,  rather  than  a likely 
value);  hence,  the  total  evarotrancpiration  loss  is  reduced  from  1.2 
mgd  per  square  mile  (table  4)  to  1.0  mgd  per  square  mile.  Thus,  base 
flow  (0.6  mgd  per  sq  mi)  + ground-water  discharge  by  evapotranspiration 
(0.5  X 1.0  = 0.1  mgd  per  sq  mi)  + unmeasured  ground-water  outflow 
(0.2  Digd  per  sq  mi)  = total  ground -water  recharge  or  discharge 
(1.2  mgd  per  sq  mi) . 

These  values  ai’e  approximate  averages  for  the  entire  Coastal  Plain 
in  the  Delaware  River  basin  and  I!ew  Jersey  and  are  in  approximate 
agreement  with  unpublished  U.  3.  Geological  Survey  data  obtained  from 
hydrologic  studies  at  Brookiiaven,  I/jng  Islan.i,  N.  Y.  Rather  large 
deviations  from  the  averages  might  be  expected  in  parts  of  the  area, 
as  indicated  by  the  ranges  in  values  of  precipitation,  water  loss,  and 
runoff  shown  in  table  1.  The  average  values  also  apply  approximately 
to  the  part  of  the  Coastal  Plain  entirely  within  the  Delaware  River  basin. 

The  estimated  recharge  is  in  close  agreement  with,  though  a little 
greater  than,  the  1 mgd  per  square  mile  estimated  for  the  Beaverdam 
Creek  basin.  The  slightly  higher  rechai'ge  estimated  for  the  Coastal 
Plain  of  New  Jersey  euid  Delaware  may  reflect  its  somewhat  greater  aver- 
age precipitation--2 .1  mgd  per  squai'e  mile--as  compared  with  1.97  mgd 
per  square  mile  for  the  budget  period  at  Beaverdam  Creek.  In  any  case, 
an  estimated  average  recharge  of  1.1  mgd  per  square  mile  for  the  Dela- 
ware River  basin  and  ad.Jacent  Coastal  Plain  is  assumed,  and  is  believed 
to  be  conservative . 

The  area  of  the  Coastal  Plain  in  the  Delaware  River  basin,  exclud- 
ing salt-water  marshes,  bays,  and  estuaries,  is  about  2,750  square  miles. 
Thus,  if  the  average  recharge  for  this  area  is  1.1  mgd  per  sq  ml,  the 
average  recharge  to  ground  water  in  the  Coastal  Plain  in  the  Delaware 
River  basin  is  about  3 >000  mgd.  By  comparison,  this  is  equivalent  to 
about  percent  of  the  flow  of  the  Delaware  River  at  Trenton,  N.  J., 
which  is  about  7>600  mgd,  and  which  represents  the  runoff  from  that  part 
of  the  basin  above  Trenton,  about  6,780  square  miles.  As  another  compar- 
ison, discharge  from  p'jmped  wells  in  the  Coastal  Plain  of  the  basin  was 
estimated  to  average  about  210  m<;d  for  1956-57,  which  is  7 percent  of 
the  estimated  total  natural  ground-water  discharge  of  3 >000  mgd.  But 
part  of  the  water  pumped  returns  to  the  aquifers;  hence,  the  net  dis- 
charge of  ground  water  by  pumping  is  even  less  than  7 percent  of  the 
natural  discharge.  Aquifers  in  the  nonmarine  sediments  of  Cretaceous 
age--the  lowest  In  this  wedge  of  deposits  In  the  Coastal  Plain  -- 
yield  the  largest  proportion  of  the  total  ground-water  pumpage 

at  present  ^ slightly  more  than  half  in  1958-57),  but  the  deposits  of 
Quaternary  age  are  becoming  increasingly  important,  and  the  Cohansey 
sand  offers  perhajjs  the  greatest  potential  for  future  development . 
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I Ag  a rough  approximation,  gi\'on  onlj'-  to  indicate  order  of  magnitude, 

the  potentially  available  ground-vater  supply  in  the  Coastal  Plain  part 
of  the  Delaware  River  basin  is  assumed  to  equal  the  average  discharge 
I of  ground  water  as  base  flow  in  streams — 0.6  mgd  per  square  mile 

(table  4).  This  assumption  is  conservative , because  part  of  the  natural 
discharge  of  ground  water  by  evapotranspiration  also  may  be  recovered 
for  use  as  water  levels  ere  lowered  by  Increased  pumping.  Hence,  the 
pctentiallj'  availa.ble  gro’and-waLer  supply  within  the  Coastal  Plain  of 
the  basin  is  estimated  to  be  0.6  mgd  per  square  mile  x 2,750  square 
miles  = about  1,60'3  mgd.  Therefore,  present  use  (l956-5t)  is  about 
one-eighth  of  this  potential,  but  booauoe  part  of  the  water  pumped  is 
not  consumed  and  returns  to  the  aquifers,  the  net  discharge  of  ground 
v/ater  by  pumping  is  less  than  one-eighth  of  the  potential.  However, 
because  of  practical  limitations,  chiefly  economic,  it  is  estimated  that 
only  about  one-half  of  the  potential,  ground-water  sxjpply,  or  about  dOO 
mgd,  can  be  developed.  It  sliould  be  emphasized,  moreover,  that  the 
ground-water  supply  is  merely  a pai’t  of  the  total  water  supply,  includ- 
ing water  from  s’urface  S'.urces.  Should  it  prove  more  feasible  to  develop 
most  of  the  supplies  from  sui'face  sources  rather  thoui  from  ground  water, 
the  ground-water  supply  that  could  feasibly  be  developed  in  the  Coastal 
Plain  might  be  substantially  less  than  BOO  mgd. 

Pumping  of  ground  wa*er  has  Induced  recharge  from  streams  and  other 
bodies  of  surface  water  where  pimiping  has  reversed  the  natural  hydraulic 
gradients  toward  the  surfac:e-water  bodies.  Where  the  s’ur face -water 
bodies  are  fresh,  the  in-luced  recharge  augments  the  gro\ind-water  supply; 
but  where  \hc  surface-water  bodies  a:.'c  salty,  the  saline  water  replaces 
the  pumped  fresh  water  in  the  aquifers. 

The  largest  amount  of  induced  recharge  occurs  along  the  Delaware 
i River  estuary  below  Trenton,  IT.  J.,  where  several  well  fields  on  both 

I sides  of  the  estuary  are  withdraw  lerge  air.ou.nts  of  water  from  the 

^ nonmarine  sediments  of  Creuaccous  a,go.  TTie  present  amount  of  induced 

i recharge  is  not  known,  but  the  pota.'.tLal  amount  under  a planned  system 

, of  development  may  exceed  100  mgd  (3ar;:sdale , Grecnm.an,  Lang,  and  others, 

r 1958) . 

I 

Over  a long  enough  period  of  time  changes  in  storage  can  be  ignored 
because  recharge  approximately'  equals  dischai’ge.  3y  far  the  greater 
proportion  of  total  discharge  occurs  at  natural  outlets — stream  channels, 
estuaries,  bays,  the  ocean,  sprinjjs  and  seeps,  lalces  and  ponds--and  in 
marshes,  and  other  low-lying  lands  where  the  water  table  is  sufficiently 
near  the  land  surface  to  allow  discharge  by  evapotranspiration.  Deter- 
mination of  the  magnitude  of  the  discharge  through  these  outlets  would 
require  detailed  water-budget  studies  which  are  costly  in  terms  of  time, 
efforts,  and  money.  As  a consequence  such  studies  have  only  been  at- 
temped  in  a few  plaf.'es  In  t.his  part  of  the  country.  However,  the  approx- 
imate magnitude  of  discharge  to  streams  and  as  evapotranspiration  was 
Indicated  in  the  preceding'  discuj^sion  (p.  38,  39  and  is  believed  to 
be  sufficiently  accurate  that,  except  in  unusual  circumstances  of  local, 
importance,  such  costly  water-budget  studies  need  not  be  made. 
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Wherf'  not  al  fecteo  by  pumijing,  most  ground  water  in  the  Coasted 
Plain  moves  I'ror  high  parts  to  low  psT-ts  of  the  intake  areas  or  to 
the  outcrops  of  the  aquifers  (pis.  6 ml  7 > the  quantity  moving 

through  the  aquifers  and  aquicludes  aowndip  from  the  intake  areas  is 
relatively  small  (Barksdsile,  Greenman,  Lang,  and  others,  1953),  even 
though  the  quant Ity  in  storage  is  wry  large . In  the  Intake  areas 
the  water  eithei  is  unconfinec.  or  le  semicor_fined  by  Inextensive  lay- 
ers of  silt  and.  clay,  and  the  configuration  of  the  water  table  is 
somewhat  like  tiiat  of  the  iana  surface  except  that  it  is  more  subdued 
and  regular.  Hydraulic  gradients  are  relatively  steep  and  they  slope 
toward  areas  of  discharger  (l)  Near  the  base  of  the  aquifers;  or 
(2)  along  stree’. ' cnannels  and  max' she  s . The  gradients  are  much  gent- 
ler in  the  conf:nea  or  artesian  parts  of  the  aquifers,  which  accounts 
for  the  smaller  quantities  of  water  movement  in  the  artesian  systems. 

Unfort unate jy,  comprehensive,  regional  water-level  data  are  lack- 
ing for  nearly  all  the  aquifers  in  the  Coastal  Plain  of  New  Jersey 
emd  Delaware . Almost  all  waxer-level  data  are  for  small  areas  in  and 
near  well  fields,  where  tne  nx-tiw  pattern  of  ground-water  movement 
has  been  altered  radically  by  pumping,  ?uid  it  would  be  impossible  now 
to  reconstruct  the  original  water  tables  and  piezometric  surfaces. 

Some  useful  information  is  available^  however,  on  the  native 
pattern  of  movement  of  water  in  the  nonmarine  seJiments  of  Cretaceous 
age.  Plate  IG  shows  tfce  theoreticeil  flow  pattern  in  the  nonmarine 
sediments  unaer  natural  conditions,  ns  postulated  by  Barksdale, 
Greenmail,  Lang,  and  others  (1958,  fig.  l8) . The  theoretical  flow  pat- 
tern is  based  or  several  simplified  assumptions  and  does  not,  there- 
fore, indicate  the  actuetl  condJ  „icns  in  detail. 

I For  example,  the  interface  between  salt  water  and  fresh  water  is 

I not  a sharp  vertical  line  as  shown  in  plate  lo;  rather,  it  probably 

j is  a zone  of  some  thickness  ai.C  :.h  more  nearo.y  horizontal  than  ver- 

i tlcal.  Hius,  t)  e inland  extent,  of  n&lt  water  is  considerably  greater 

, in  lower  pai-t  of  the  lUiit  tnan  in  the  upper  part. 

( However,  th*  map  is  b«jileveu  to  show  adequately  the  general  pat- 

I tern  of  ground-watei'  movement  and  the  extent  of  fresh  water  in  the 

I nonnarlne  aedimtnts  uefore  their  development.  In  part,  the  validity 

I of  the  theoretical  flow  pattenx  is  confirmed  hy  the  earliest  water- 

. level  data  for  \/elis  penetrating  the  nonmarine  sediments,  and  the 

position  of  the  interface  between  salt,  water  and  fresh  water  is  sub- 
stantiated In  a general  way  at  a few  places  where  deep  wells  either 
have  been  di’ilied.  on  both  siden  of  the  interfeu:e  or  have  penetrated 
it  (Barksdale,  Greeionan,  Long,  and  others,  1958)- 
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The  map  chows  that  most  of  the  water  that  mo/es  through  the  bur- 
led, artesian  portion  of  the  nonmarine  sediments  travels  circuitous 
paths  from  two  relatively  high  intake  areas — one  northeast  of  Trenton, 
N.  J.,  the  other  in  northern  Delaware — to  discharge  areas  along  the 
Delaware  River  estuary  below  Trenton  and  along  Raritan  Bay. 

Bear  in  mind,  however,  that  a greater  quantity  of  water  moves  in 
much  shorter  and  more  direct  paths  from  high  to  low  parts  of  the  in- 
take area  and  discharges  into  the  Delaware  and  Raritan  Rivers  and 
their  tributary  streams. 

Less  is  known  about  native  patterns  of  movement  in  the  other  aqui- 
fers having  intake  areas  along  the  inner  northwest  part  of  the  Coastal 
Plain.  In  some  respects,  the  patterns  of  movement  probably  were  sim- 
ilar to  those  in  the  nonmarine  sedlmenta,  although  because  high-level 
and  low-level  intake  areas  are  not  as  distinct  as  in  the  nonmarine 
sediments  and  because  the  aqulcludes  are  more  permeable,  more  water 
moved  downdip  toward  the  ocean  and  bays  and  discharged  by  slow  upward 
movement  across  overlying  aquicludes  and  aquifers.  As  in  the  non- 
marine sediments,  the  greatest  quantities  of  water  moved  relatively 
short  distances  to  discharge  points  in  the  outcrops  or  intake  areas. 

The  predominant  movement  in  the  Cohancey  seuid  and  overlying 
Quaternary  deposits  in  the  outer  part  of  the  Coastal  Plain  was,  and 
for  the  most  part  still  is,  along  relatively  short  paths  from  intake 
points  in  the  broad,  flat  interstream  areas  to  dischai'ge  points  along 
the  adjacent  streams  and  marshes.  Longer  and  more  devious  paths  are 
foli.owed  where  there  are  layers  of  silt  and  clay,  but  such  layers 
are  not  extensive  or  thick  except  near  the  coast  or  the  shores  of 
Delaware  Bay. 

Artificial  discharge  througti  pumped  wells  has  changed  the  pattern 
of  ground-water  movement  considerably  in  parts  of  the  Coastal  Plaiii. 
Water  now  is  diverted  from  natural  outlets  and  moves  toward  the  ]>umped 
areas,  generally  from  all  directions  within  the  influence  of  the  cone 
of  depression  that  surrounds  piriped  wells. 

The  greatest  changes  have  occurred  in  the  most  heavily  pumped 
areas,  principally  along  the  Delaware  River  estuary  from  Trenton, 

N.  J.,  to  northern  Delaware,  in  the  vicinity  of  Raritan  Bay,  and 
along  the  coast  of  New  Jersey. 

Large-scale  pumping  of  ground  water  from  wells  in  the  nonmarine 
sediments  along  the  Delaware  River  estuary  in  places  has  diverted 
water  from  its  former  paths  loading  to  discharge  points  in  the  chan- 
nel and  has  Induced  movement  from  the  river  into  the  aquifers  at 
those  places.  Also,  hydraulic  gradients  from  the  intalce  areas  have 
been  increased,  and  the  loss  of  natural  discharge  to  the  river  in 
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MAP  SHOWING  THEORETICAL  FLOW  WVTTERN  AND  LOCATION  OF  THE  INTERFACE 
BETWEEN  FRESH  WATER  AND  SALT  WATER  IN  THE  NONMARINE  SEDIMENTS  OF 
CRETACEOUS  AGE  UNDER  NATURAL  CONDITIONS 
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some  cases  has  been  exceeded  by  the  gain  in  artificial  discharge  in 
the  pumped  areas . Some  ground  water  has  been  withdrawn  from  storage , 
and  recharge  to  the  aquifers  probably  hes  increased. 

Northeeist  of  the  basin,  concentre.ted  pumping  in  the  intake  area 
of  nonmarine  sediments  along  the  Raritan  and  South  Rivers  has  induced 
large  quantities  of  recharge--some  of  it  of  very  poor  quality--from 
those  streams  (Barksdale,  Greenman,  Lang,  and  others,  195Q)- 

Along  parts  of  the  coast  in  New  Jersey,  heavy  pumping  of  water 
from  artesian  aquifers,  peirtlcularly  from  the  "800-foot  sand  in  the 
Kirkwood  formation  at  Atlantic  City,  has  greatly  lowered  the  artesian 
pressure.  There,  over  an  area  of  20  or  30  miles  along  the  shore,  where 
prepumping  water  levels  were  about  25  feet  above  sea  level,  p\m5>ing 
has  lowered  the  head  to  more  than  75  feet  below  sea  level.  Thus, 
this  represents  a total  head,  loss  of  more  than  100  feet  (Barksdale, 
19^5/  P*  565)  ,-  ®usd  has  caused  mevement  of  large  quantities  of  water 
downdip  toward  the  centers  of  withdrawal.  Almost  certainly,  some 
of  the  recharge  to  the  Kirkwood  formation  within  the  Delaware  River 
basin  moves  toward  the  major  center  of  pumping  near  Atlantic  City; 
the  convergence  of  ground -water  flow  lines  on  the  Atlantic  City  area 
< has  been  likened  to  the  paths  of  tourists  in  the  summer  . 

Although  much  of  the  water  moves 
into  the  area  from  he  seawara  side,  only  slight  signs  of  salt-water 
encroachment  have  yet  been  detected. 

The  flow  pattern  in  the  Kirkwood  formation  has  been  changed  also 
in  Kent  and  Sussex  Counties,  Del.,  where  withdrawals  from  the  Cheswold 
and  Frederica  aquifers  have  caused  declines  in  artesian  head  of  more 
than  80  feet  in  places  (Rasmussen  and  others,  1957). 

GROUND-WATER  STORAGE 

i 

1 Use  of  Storage 

J The  nqulfers  underlying  the  Coastal  Plain  conotituie  large  ground- 

water  reservoirs  which,  because  of  the  scarcity  of  sites  suitable  for 
, surface  reservoirs,  sire  potentially  very  important  in  the  management 

^ of  -water  supplies.  The  storage  capacity  of  these  reservoirs  is 

I enormous;  howevr>r,  the  calculation  of  this  quantity  is  of  little  con- 

sequence other  than  to  Indicate  that  it  Is  very  many  times  the  annual 
recharge.  To  use  more  than  a small  port  of  this  capacity,  therefore, 
the  average  rate  of  withdrawal  from  the  reservoirs  would  have  to  ex- 
ceed the  average  rate  of  recharge  for  a long  period- -an  overdraft 
procedtire . 
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Ground-water  overdraft,  commonly  known  as  "mining",  is  a practice 
common  in  the  semiarld  and  arid  parts  of  the  country,  but  is  not  like- 
ly to  become  a widespread  preu:tice  in  the  Coastal  Plain.  Such  a con- 
tinued overdraft  of  ground-water  supplies  would  lead  to  salt-water 
encroachment,  which  results  from  lower  ground-water  levels  near  the 
coast . 

The  ground-water  reservoirs  of  the  Coastal  Plain  are  much  more 
likely  to  be  used  on  a sustained-yield  basis  wherein  the  storage  de- 
pleted during  periods  of  excess  discharge,  both  natural  and  artific- 
ial, is  replenished  conqiletely  either  naturally  or  artificially  dur- 
ing periods  of  excess  recharge.  The  long-term  yield  of  the  reserv- 
oirs, then,  is  equal  to  the  long-term  average  recharge  and  the  stor- 
age used  is  that  required  to  level  out  the  fluctuations  in  recheu*ge 
and  discharge.  In  the  Coastal  Plain  of  New  Jersey  and  Delaware,  water 
supplies  are  relatively  abundant  and  uniformly  distributed  in  time; 
drought  periods  seldom  are  sufficiently  long  or  severe  to  require 
large  dreifts  on  ground-water  storage.  Peak  consun^jtive  use  of  ground- 
water  supplies  is  for  supplemental  irrigation  of  crops  in  the  summer, 
at  a time  when  natural  recharge  is  at  a minimum.  3uch  seasonal  de- 
mands can  be  readily  met  with  the  available  ground-water  storage  in 
the  shallow  aquifers . 

Rasmussen  (1955)  estimated  that  the  usable  reservoir  capacity  of 
the  Coastal  Plain  aquifers  in  Delaware  was  sufficient  to  store  more 
than  a year's  recharge,  considering  the  recharge  as  1 mgd  per  square 
mile  of  aquifer  intake  area.  No  such  estimate  has  been  made  for  New 
Jersey;  however,  because  of  the  similar  hydrologic  and  geologic  con- 
ditions there,  Rasmussen's  estimate  probably  indicates  the  order  of 
magnitude  of  usable  reservoir  capacity  for  8l11  the  Coastal  Plain  of 
this  area.  The  capacity  appears  to  be  more  than  adequate  to  meet 
maximum  fluctuations  in  ground-water  storage  that  would  occur  on  a 
sustained-yield  method  of  operation. 

Storage  Fluctuations 

The  fluctuations  in  storage  in  an  aquifer  are  reflected  by  fluctu- 
ations in  the  water  table  or  plezometrlc  surface;  the  ratio  of  the 
volume  represented  by  the  zone  of  fluctuation  of  the  water  table  or 
piezometric  surface  is  determined  by  the  storage  coefficient  of  the 
awjulfer.  For  example,  in  a water-table  aquifer  having  an  average 
coefficient  of  storage  of  0.1,  a 10-foot  decline  in  water  table  over 
a si>eclfied  area  represents  a decline  in  storage  equal  to  a 1-foot 
depth  of  water  over  the  area.  In  an  artesian  eujulfer  having  a co- 
efficient of  storage  of  0.0001,  a 10-foot  lowering  of  the  piezometric 
surface  represents  a decline  in  storage  of  only  0.001  foot  of  water. 

In  a water-table  aquifer  where  part  of  the  material  actually  is 
drained  as  the  water  table  declines,  the  coefficient  of  storage  is 
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practically  equal  to  the  specific  yield,  but  in  an  artesian  aquifer 
none  of  the  material  is  drained,  and  the  water  released  from  storage 
is  derived  principally  from  a slignt  expansion  of  the  water  itself 
and  a slight  decrease  in  the  volume  of  the  aquifer.  However,  an 
artesian  aquifer  becomes  a water-table  aquifer  when  the  water  level 
is  lowered  beyond  its  upper  confining  layer;  the  storage  coefficient 
within  the  area  of  lanvatering  then  becomes  practically  equal  to  the 
specific  yield.  Sustained-yield  operation  of  artesian  aquifers  In 
the  Coastal  Plain  probably  would  involve  little  dewatering,  however; 
only  in  the  shallower  water-table  aquifers,  or  the  rectiarge-outcrops 
of  the  artesian  aquifers  where  water-table  conditions  exist,  would 
the  upper  part  actually  be  dewatered  seasonally. 

Natural  Fluctuations 

The  natural  fluctuations  in  storage  in  most  Coastal-Plain  aqui- 
fers are  small  compared  to  the  uotol  suorage  capacity  of  those  aqui- 
fers. For  example,  base-flow  recession  data  for  Coastal  Plain  streams 
indicate  that  in  an  average  year  the  maximum  range  of  fluctuation  in 
ground-water  storage  supplying  base  or  fair-weather  flow  to  the 
streams  amounts  to  less  than  a 3-inch  depth  of  water  over  their  drain- 
age area.  Fluctuations  in  storage  caused  by  changing 

rates  of  evapotranspiration  might  dCiount  to  an  additional  2- inch  deipth 
of  water;  hence,  the  total.  natuTEil  storage  fluctuation  ordinarily 
might  be  in  the  order  of  5 inches  of  water.  Assuming  an  average  co- 
efficient of  storage  of  0.1 — a conservative  estimate  for  the  water- 
table  aquifers  of  the  Coastal  Plain- -the  5-inch  change  in  storage 
would  be  reflected  in  an  average  water-table  fluctuation  of  50  inches-- 
a amall  ftactlon  of  the  saturated  thickness  of  most  water-table  aqui- 
fers of  the  Coeistal  Plain. 

Artificial  Fluctuations 

Man  Is  able  to  provide  additiona-L  ground-water  storage  by  pumping 
water  from  the  aquifers.  In  most  places  in  aureas  of  humid  climate 
punplng  Increases  the  recharge  to  the  aquifers  by:  (l)  Lowering  the 

water  table  and  thus  providing  additional  storage  space  for  infiltra- 
tion of  precipitation  that  otherwise  would  have  been  rejected;  and  (2) 
by  inducing  infiltration  from  streams,  lakes,  or  swamps  where  the 
normal  hydraulic  gradient  toward  these  discharge  areas  is  reversed. 
PiBiplng  Increases  the  total  discharge,  although  it  may  reduce  the  evapo- 
transpiration of  ground  water  by  lowering  the  water  table  and  capillary 
fringe  below  the  reach  of  plant  roots  and  the  capillary  zone  below 
easy  reach  of  evaporation  opporturaty;  additionally,  pumping  eventually 
reduces  the  discharge  at  other  natural  outlets  by  decreasing  the  hy- 
draulic gradientF  toward  those  outlets.  The  local  rate  of  recharge 
and  discharge  might  then  exceed  by  a substantial  cunoxint  the  estimated 
average  rate  of  natural  recharge  and  discharge  of  about  1.1  mgd  per 
square  mile  of  aquifer  ir/.pJce  area. 
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Aquifer  storage  also  could  be  used  by  recharging  unfilled  aqui- 
fers artificially  with  imported  sxirface  supplies.  These  siq^plies 
would  augnent  the  recharge  induced  from  streams  within  the  area. 
However,  except  for  heavily  pumped  industrial  and  municipal  well 
fields  in  which  large  withdrawals  are  concentrated  in  small  areas, 
it  is  unlikely  that  imported  supplies  would  be  required. 

CHMICAL  CHARACTER  OF  GROUND-WATER  SUPPLIES 

The  waters  of  the  Coastal  Plain  aquifers,  except  where  contamin- 
ated by  salt  water,  are  generally  of  good  quality  and  suitable  for 
most  uses.  Usually  they  are  of  the  calcium  bicarbonate  type,  soft 
or  only  moderately  hard,  and  are  not  highly  mineralized.  Many  wells 
yield  water  free  from  objectionable  quantities  of  iron,  but  in  every 
aquifer  localized  objectionable  concentrations  of  iron  are  found 
with  an  apparent  random  distribution,  both  areally  and  with  depth. 
Treatment,  if  required,  is  usually  limited  to  softening  or  the  re- 
moval of  iron. 

A.quifers  may  be  contaminated  locally  from  surface  soxirces,  the 
disposal  of  wastes  through  recharge  wells,  leakage  through  corroded 
well  casings,  or  from  encroachment  of  salt  water.  In  general,  the 
waters  from  the  several  aquifers  of  the  Coasted.  Plain  do  not  differ 
greatly;  they  are  described  in  the  following  sections  and  representa- 
tive chemical  analyses  are  given  in  table 

Pleistocene  Deposits 

Some  of  the  best  ground  water  in  the  Coasted.  Plain  is  obtained 
from  the  aquifers  of  the  Pleistocene  series,  which  comprise  the 
shallowest  (or  uppermost)  aquifers.  The  water  is,  for  the  most  part, 
soft  or  only  moderately  hard.  It  contains  relatively  low  concentra- 
tions of  calcium  and  magnesium,  and  is  only  moderately  mineralized. 

Ihe  dissolved- solids  concentration  is  usually  less  than  200  ppm. 

TSie  average  hardness,  as  CaCO^,  determined  by  4l  euialyses  of  water 
from  the  Pleistocene  sedimentB  in  Delaware,  was  ^1  ppm  and  it  ranged 
fran  7 to  2k8  ppm  (Marine  and  Rasmussen,  1955.  P-  85^.  The  water 
' « the  Pleistocene  sediments  often  contains  excessive  concentrations 

c"  iron.  Occasional  samples  with  high  concentrations  of  nitrate, 
sulfate,  hardness,  or  total  dissolved  solids  (table  , ) usually  repre- 
sent contamination  from  surface  sources.  The  native  water  is  generally 
satisfactory  for  most  uses  without  further  treatment  except  where  the 
removal  of  iron  is  required.  The  principal  discharge  of  groimd  water 
to  the  streams  of  Delaware  and  of  a large  part  of  coastal  New  Jersey 
is  froBi  the  Pleistocene  series;  this  is  largely  responsible  for  the 
good  quality  of  water  in  many  of  the  streams  of  the  Coastal  Plain. 
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Source  and  desci  iptioii  of  sanrpies  referred  to  by  number  in  table  r> 


1.  Rehoboth  Beach,  Sussex  County,  Del.,  Composite  of  2 municipal  wells. 

2.  Hew  Castle,  Ntw  Castle  County,  Del.,  Composite  of  3 shallow  muni- 

ciped.  wells,  New  Castle  Board  of  Water  and  Light  Commission, 

3.  Pennsville,  Salem  County,  N.  J.,  Lower  Penns  Heck  Water  Department 

well,  pho.sphate  0.4  ppm 

4.  Beverly,  Burlj.aguon  County,  N.  J.,  Delaware  River  Water  Co.  well 

2;  aluminum  0.0  ppm,  cooper  0.00  ppm,  zinc  0.00  ppm,  phosphate 
0.0  ppm 

5.  Rio  Grande,  Cape  May  County,  N.  J.,  Wildwood  Pimping  Station; 

color  2 

6.  Levittown,  Bucks  County,  Pa.,  Lower  Bucks  County  Joint  Municlped. 

Authority;  color  4 

7.  Folsom,  Atlantic  County,  N.  J.,  P.  Jacob  well 

8.  Parvin  State  Park,  Salem  County,  N.  J.,  State  of  New  Jersey  well; 

color  30,  lithium  0.5  ppm. 

9-  Newfield,  Gloucester  County,  N.  J.,  Hewfleld  Water  Department 
well  2;  phosphate  0.0  ppm,  nitrite  0.00  ppm,  color  5 

10.  Lebanon  State  Forest,  Burlington  County,  N.  J.,  Pakin  Pond  Well, 

State  of  New  Jersey;  color  2,  barium  0.0  ppm,  aJuminum  0.4  ppm, 
phosphate  0.0  ppm,  nitrite  0.0  ppm 

11.  Chatsworth,  Burlington  County,  N.  J.,  A.  D^arco  well;  color  3) 

alminum  1.5  Ppm,  cooper  0.0,  zinc  5-0  ppm,  phosphate  0.0. 

12.  MiLford,  Sussex  County,  Del.,  Milford  Water  Department  well, 

Frederica  acuifer;  color  2,  zinc  0.0  ppm,  phosphate  0.2  ppm, 
copper  C.O  nm,  turbidity  2.3  ppm 

13.  Dover  Air  Base,  Kent  County,  Del.,  U.  S.  Air  Force  well,  Cheswold 

aquifer;  color  2 

14.  Harrisviile,  Burlington  County,  H.  J.,  well 

15.  Clayton,  Kent  County,  Del.,  Clayton  city  well;  color  8. 

16.  Alloway,  S;olem  County,  N.  J.,  Williams  General  Store  well; 

color  10,  lithium  0.8  ppm. 

17.  Quinton,  Sa].em  County,  N.  J.,  Salem  Water  Co.  well;  color  6, 

phosphate  0.2  ppm,  nitrite  0.00  ppm 

18.  Odessa,  New  Castle  County,  Del.,  H.  Davis  well;  Wenonah  sand. 

19.  Woodstown,  Salem  Comty,  H.  J.,  Woodstown  Restaurant  well; 

color  20,  lithium  0.2  ppm 

20.  Dikes  Mills,  Salem  County,  N.  J.,  Warren  Cobb  well;  color  25, 

llthiim  0.6  ppm 

21.  Sewell,  Gloucester  County,.  N.J. , James  Ledan  well;  color  5, 

phosphate  0.1  ppm,  nitrite  0.00  ppm- 

22.  Vlncentown,  Burlington  County,  N.  J.,  Vlncentown  Water  Co.  well; 

color  8,  Bd-uminum  0.0  ppm,  phosphate  0.0  ppm,  nitrite  0.0  ppm. 

23.  Freehold,  Monmouth  County,  N.  J.,  Freehold  Water  Department, 

compoEite  of  9 wells. 
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Source  and.  description  of  samples  referred  to  by  number  in  table  5 — 

Continued 


2k.  Marlton,  Burlington  County,  N.  J.,  Marlton  Water  Co.  veil; 
color  0,  phosphate  0.3  ppm,  nitrite  0.0  ppm. 

25.  Farmlngdale,  Monmouth  County,  5.  J.,  Farmingdale  Water  Depart - 

nant  veil  1. 

26.  Belswr,  Can^)  Evans,  Monmouth  County,  N.  J.,  U.  S.  Army  Building  82 

27.  Point  Pleasant,  Ocean  County,  N.  J.,  Point  Pleasant  Water  Depart- 

■ant  veil  1. 

26.  Lavalette,  Ocean  County,  N.  J.,  Lavalette  Borough  Water  Depart- 
■ant  veil  2. 

29.  Bear  Summit  Bridge,  Nev  Castle  County,  Del.,  Near  Chesapeake  and 

DeLsvarc  Canal;  Magothy, 

30.  SalsB,  Salem  County,  N.  J.,  Salem  Ice  and  Cold  Storage  veil; 

color  10,  lithium  0.2  ppm. 

31.  Blackwood,  Camden  Coimty,  N.  J.,  Blackwood  Water  Co.  well; 

color  2,  aluminm  0.0  ppm,  nitrite  0.0  ppm,  phosphate  0.2  ppm. 

32.  Beverly,  Burlington  Coimty,  N.  J.,  Delaware  River  Water  Co. 

well  3;  color  3,  lithium  0.2  ppm,  copper  0.00  ppm,  zinc  0.00 
ppm,  phospnate  0.1  pjpm. 

33.  Maple  Shade,  Burlington  County,  N.  J.,  Maple  Shade  Township 

well;  color  3,  aluminum  0.0  ppm,  phosphate  0.2  ppm,  nitrite 
0.0  ppm. 

3^.  Hlghtstown,  Mercer  County,  N.  J.,  Hlghtstovn  Water  Department 
well  1;  color  12. 


Cohansey  Sand 

The  water  from  the  Cohansey  sand  is  generally  the  bast  obtained 
from  the  Coastal  Plain  aq[ulfers  (table  . ).  It  is  not  hi^ily  mineral* 
ized  and  is  soft . Some  seiiQ)les  are  moderately  high  in  iron,  eoid  the 
water  is  generally  slightly  acid  and  corrosive  to  iron  plp>es  and  fix- 
tures. Soluble  materials  in  or  near  the  surface  may  be  dissolved  by 
precipitation  and  (or)  irrigation  water,  and  affect  the  coB5)osltlon  of 
the  ground  water  locallj'.  In  this  way  the  leaching  of  chemical  and 
organic  fertilizers  yields  above  normal  nitrate  concentrations.  Salt 
water  has  encroached  into  the  Cohansey  sand  in  a few  places  where  ex- 
tensive cones  of  depression  have  formed  neeir  salt-water  bodies.  There 
are  few  industries  in  the  area  that  are  underlain  by  Cohansey  sand, 
therefore,  at  present  the  industrial  use  of  water  from  the  Cohansey 
sand  Is  not  great;  the  water  is  chiefly  used  on  a large-scale  basis 
for  municipal  supplies  and  for  irrigation.  The  Cohansey  sand  is  p>o- 
tentially  the  most  productive  aquifer  in  the  New  Jersey  part  of  the 
Coastal  Plain,  but  ' ' be  protected  from  contamination  and  salt- 

water encroachment  if  It  is  to  continue  to  produce  the  high  qxiallty 
water  It  now  yields. 
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Sands  of  the  Kirkwood  Formation 


The  Kirkwood  formation  yields  soft  water,  generally  of  good  qual- 
ity, with  a dissolved-solids  Cv^ncentration  usually  less  than  250  ppm 
(table  5).  The  iron  concentration  is  usueilly  less  than  0.3  ppm,  but 
occMlonally  it  is  higher;  commonly  the  silica  concentration  is  30 
to  50  ppm.  The  water  from  S'mie  parts  of  the  Kirkwood  formation  is 
slightly  acid.  The  water  is  usually  used  without  treatment;  sorae- 
tlmes  it  is  softened  or  the  pH  adjusted  before  use.  Salt  water 
has  encroached  in  the  aquifer  in  a few  places  near  the  seacoast . 


Vlncenuown  Sand 

The  Vincentown  sand  yields  water  that  is  hard  and  moderately 
high  in  dissolved  solids  (table  ■ ).  It  is  mildly  alkaline  on  the 
pH  scale  and  in  places  contains  objectionable  concentrations  of  iron. 
Hear  the  Delaware  River  there  is  a possibility  of  salt-water  encroach- 
ment, but  a considerable  thickness  of  silt  and  clay  in  the  river  chan- 
nel at  the  outcrop  area  probably  retards  the  interchange  of  water  be- 
tween the  Vincentown  sand  and  the  river  (Barksdale,  Greenman,  Lang, 
and  others,  1958 > P-  149).  Water  from  the  Vincentown  sand  is  used 
for  farm  and  domestic  supplies  and  as  a supplementary  municipal 
supply  for  Salem,  N.  J. 

Wenonah  and  Mount  Laurel  Sands 


Water  of  good  quality  is  obtained  from  the  Wenonah  and  Mount 
Lam*el  sands  (table  5).  It  is  soft  to  moderately  hard,  with  less 
than  150  ppm  of  dissolved  solids,  and  is  fairly  uniform  in  chemical 
can5>osltion.  It  is  suitable  for  most  uses  without  treatment,  al- 
though excessive  amounts  of  iron  occur  in  some  parts  of  the  aquifer 
and  water  from  such  parts  must  be  treated  to  remove  the  iron. 

Engliaht.own  Sand 

The  Englishtown  sand,  like  the  Wenonah  and  Mount  Laurel  sands, 
yields  water  that  is  moderately  hara  (table  ^).  Normally  the  water 
is  slightly  alkeLiine  and  contains  less  than  200  ppm  of  dissolved  min- 
erals. It  is  suitable  for  most  uses  without  treatment,  although  oc- 
casionally softening  or  the  remo-val  of  iron  is  required.  The  English- 
tenm  sand  is  less  tc  salt-water  encroachment  than  are  the  other 

Coastal  Plain  aquifers. 
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Nonmarine  Sediments  of  Cretaceous  Aje 

The  uncon taninated  waters  from  the  norunarlne  sediments  of  Cretaceous 
845e  are  rela*"ively  low  In  dissolved-sollds  concentration  (3-200  ppm), 
soft,  and  in  c-eneral  of  hluti  quality  (table  5).  Near  the  Intake 
areas  where  the  recharge  consists  chiefly  of  rainwater,  the  water  Is 
soft,  slightlv  mineralized,  sli.ghtly  acid,  and  somewhat  corrosive. 

As  the  water  flows  downgradient  in  the  formation  it  becomes  more  min- 
eralized, slightly  alkaline,  and  nor.corrosive  and  generally  contains 
more  iron,  sometimes  in  objectionable  quantities.  The  fluoride  con- 
centration is  usually  0 to  0.1  ppm  but  in  the  vicinity  of  Woodstown 
and  Classboro,  N,  J , exceeds  1 ppm. 

In  severfii  places  the  native  waters  are  contaminated.  The  loca- 
tion of  the  in^e’^face  between  fresh  etiid  salt  water  is  described  on 
pares  l6,  57,  5Q.  'vTiere  withdrawals  of  water  near  the  interface 
a’"e  large,  the  encroachment  of  salt  water  nay  occur.  This  is  tnje  in 
the  vicinity  of  Salem  and  Woodstown,  N.  J.  In  the  vicinity  of  Camden 
and  Philadelphia,  the  Delaware  River  flows  over  the  outcrop  of  the 
Raritan  and  Magothy  formations.  Here,  where  large  quantities  of  water 
are  withdrawn,  the  aquifers  are  recharged  with  river  water,  and  the 
q’jality  of  the  well  water  approaches  that  of  river  water.  Above 
Camden  the  river  wateb  is  no  more  mineralized  than  the  native  ground 
water,  and  river  recharge  has  no  adverse  effects  on,  or  may  even  im- 
prove, the  quality  of  the  well  water.  Dowstream  from  Camden,  however, 
the  river  water  is  more  highly  mineralized  and  (or)  polluted,  and 
wells  near  the  river  have  been,  and  more  of  them  may  be,  adversely 
affed.ed  by  induced  recharge  of  such  water. 

The  hi"'hest  concentrations  of  dissolved  solids  in  the  lower 
aquifer  of  the  Raritan  formation  are  found  within  the  city  of  Phila- 
delphia. This  arises  from  3 principal  sources:  (l)  The  disposal  of 

wastes  on  dumps  on  the  intake  area  of  the  aauifer;  (2)  seepage  from 
leaky  sewers;  and  f3)  wastes  discarded  into  "sanitary"  or  "dry"  wells. 

SALT-WATER  ENCROACHMRT:"' 

•Salt-water  encroachment  has  hee.i  define r in  many  ways.  Here  we 
shall  define  it  as  the  encroach.mer't  on  fresh-water  domains  of  any 
saline  water  in  concentrations  and  vol’jnes  large  enough  to  be  de- 
leterious. 

In  parts  of  the  United  States  salt-water  encroachment  may  have  as 
its  source  brines  from  oil  wells,  salty  waste  liquors  (bitterns)  left 
after  refinement  of  table  salt;  bitterns  developed  in  the  production 
of  ma/gnesium  and  by-products  from  brines;  mineralized  waste  waters 
from  some  mines;  sal^  tliat  lias  accumulated  in  improperly  designed  or 
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operated  Irrigation  systeins;  "salt  banks" --outcrops  of  salt  deposits 
along  strear;  courses;  salt  springs;  salt  domes;  Juvenile  vater;  con- 
nate water;  vater  from  modern  seas;  and  residtial  saline  water  left 
by  the  high-level  Pleistocene  seas. 

In  the  Delaware  River  service  area,  fortunately,  the  sources  of 
saline  v^ter  are  fen'  and  reeullly  ' 'entifiable.  Of  the  sources  noried 
above  we  nee  only  coneexT.  oui'sel-.'es  with  the  last  two,  namely,  moiern 
sea  \mtcr  and  resid'.'.al  salires. 

Tile  residual  saf.ines  are,  or  r.e,y  be,  similar  to  connate  water- - 
water  that  t/as  entre.pped  wl  'i  sc  inents  as  they  were  being  deposited 
in  the  sea- -but  the  residual  sal’.'.es  are  of  late  marine  origin  anJ 
they  gained  entrance  into  ocv-ii'C  ’S  and  acuicludes  during  the  inter- 
glacial ages  when  the  j.aad  was  flooded  by  high-level  Ice  .‘ge  seas. 

Most  of  the  residual  salines  as’o  now  greatly  modified,  from  their  orig- 
inal chemical  condition;  usually  Ihey  have  been  diluted  and  have  under- 
gone ion  enchange.  Tais  is  a process  by  means  of  which  calcium  ->r 
.meigieBiuni  in  the  vater  is  exchange'  for  solium,  and  to  a lesser  extent 
for  potassi'um,  in  the  enclosing  "ocks,  or  vice  versa,  depending  upon 
local  conditions. 

With  respect  to  locatio.n,  residual  saline  bodies  inland  from  the 
shore  area  most  commonly  occ'jr  in  aquicludes  w>;ere  they  are  found  in 
the  least  permeable  parts.  'This  is  because  I-e  Age  sal+  water  has 
been  flushed  out  of  the  pemneable  aquifers  and  the  more  permeable 
parts  of  the  aquicludes  in  the  time  sin.;-’  he  last  'nigh-level  Ice  age 
sea;  but  not  enough  time  has  elapsed  f'v  the  si 'W,  -■.-.al  ■ irc  'lation 

through  the  deeper  or  less  peiT'ce.ble  sedL-nents  for  flushing  to  take 
place . 


Thus,  where  salt-water  encroer’iment  occurs  in  .a;’  area  of  ‘he 
Coastal  Plain  it  maites  cons i 'er. able  l'•if;''r>••.-‘nce  if  the  sotir'e  is  a 
residual,  saline  body  or  coi.ies  fro  - fne  m'ier.n  sea.  In  the  latter 
case,  the  striply  of  saliy  is  -’-nlh:;il e-i  and  the  t.uximum  salinity 

is  about  19,000  to  20,000  ppi'’.  in  chloride  content;  in  the  former  case 
the  supply  may  be  saiial.'' - -thougli  not  n- ressarlXy  so;  it  all  depends 
upon  the  vol’ume  of  residual  water  'oeing  tapped--but  in  the  Coastal 
Plain  sedim.ents  in  this  area  the  sa.llr.M.y  will  never  be  as  high  as 
that  of  the  ocean.  It  is  higi.l,,'  imp'U'tar.t,  thei'cl>rc,  that  the  source 
and  kind  of  salty  vater  causi.ng  the  en  'roachment  be  id.entif  le  ^ s-ai'ly, 
for  each  of  the  two  kinds  of  soiurces  requii-es  that  a different  devel- 
opmental plsr.  be  use!  to  prevent  the  ruin  of  the  fresh -vater  aquifer 
being  de'/eloped. 


The  density  of  water  increases  as  the  salinity  increases . Pure 
water,  which  con^ains  no  dissolved  solids,  is  a standard  for  measur- 
ing the  specific  gravity  of  liquids  and  is  assigned  a value  of  unity. 
Average  oceari  water  contains  approximately  35>OCXD  ppm  of  dissolved 
solids  (including  about  19,000  ppm  Cl)  and  has  a specific  gravity  of 
1.025.  Thus  fresh  water  is  1*0 Al  as  heavy  as  ocean  water. 

Average  ocean  water  (Sverdruf),  Johnson,  and  Fleming,  19kG)  con- 
tains the  following  principal  constituents  in  parts  per  million: 
Calcium  (Ca)  i|-00;  magnesium  (Mg)  1,270;  sodium  (lla)  10,600;  potassium 
(k)  38O;  bicarbonate  (HCO,)  iJlO;  sulfate  (SOI;)  2,650;  chloride  (Cl) 
19,000;  total  dissolved  sOlids  3^,900. 

Inasmuch  as  ocean  water  is  hea’.'xer  and  denser  than  fresh  water, 
the  2 liquids  tend  to  remain  separate . Thus , where  the  2 liquids  axe 
in  contact,  fresh  water  occupies  a position  above  salt  water  and  tends 
to  remain  there  except  an  turbulence  causes  mixing. 

In  tidal  reaches  of  streams  aiid  canals  where  salt  water  from  the 
ocean  has  TuLl  access  to  the  chrmnels  and  i,rtiere  fresh-water  flow  is 
not  sufficient  to  sweep  the  oceaii  water  out,  saJ.ty  water  commonly 
occupies  the  lover  parts  of  the  chamiels  and  extends  inland  as  a 
blunt-nosed  ve<ige . Tae  sec^.'aa'd  end  of  the  wedge  remains  relatively 
■unchanged  at  the  ocean  end  of  the  channel,  but  the  inland  end  of  the 
wedge  moves  to  rj^d  fro  with  the  tides,  and  ad-vances  and  retreats 
seasonal .1'- , as  ocean  level  rises  and  falls  and  as  streomflow  responds 
to  changes  in  rate  of  runoff. 

In  na.  ^ , .'•,tua’'ics,  such  as  the  Delaware,  the  salt-water 

w-dge  conr-i-'nly  is  iJl-deflr.ed.  River  currents,  tidal  currents,  waives, 
prricller  :'ror.  large,  .cean-poing  vessels,  and  rougli  ond  uneven 

ranuei  bott-.  'ui.  cank.u--a.LL  tend,  to  mix  salt  and  fresh  water.  If 
V,-  rnav  ch'u-a.-''.e'-ize  th“  relationships  in  the  Delaware  Estuary,  about 
ail  we  can  say  is  that  ns  a ru-le  the  saltiest  water  is  at  the  bottom 
of  the  channel;  that  the  deeper  depressions  in  the  river  bottom  gen- 
erally contain  "vKickets”  of  -water  of  higher  salinity  than  adjacent 
h.  tdicr  pax:  0 01  tlie  channel  floor;  that  horizontally  across  the  chan- 
nel the  uaji-..lty  gencrailv  is  about  the  Sfune  at  the  same  depth  below 
the  wa^er  '■■urface;  aa.j  that  the  fresiiest  water  is  at  and  just  below 
the  surface . 

■'SaljLn...ty  intrusion  in  the  Delawau'e  Estuary  does  not  occur  as  a 
well-defined  salt-water  ve.!g«  such  as  is  found  in  many  estuaries.  In 
moat  parte  of  the  estv  arv  within  the  limits  of  aallnity  -intrusion, 
.aalinltier.  ir  wu  ■uti-ua,  tc  bottom  ou'e  essentially  the  stme." 

(Water-wa.'-  Ci-ai;‘  at  Elatioti,  1956)  Under  conditions  of  low  fresh- 
water die  jhii-gf  the  usiii-jiity  increase;-,  sharply  downstream  from  the 
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Delawai'e  Memorial  Br^’d^e,  although  under  flood  conditions  the  chlor- 
ide concentration  at  this  point  is  as  low  as  30  ppm.  Upstream  from 
the  Delaware  Memorial  Bridge  the  stream  is  usually  well  mixed  and 
there  is  little  change  in  concentration  with  depth.  In  1950-55  the 
chloride  concentration  was  less  than  40  ppm  for  at  least  two-thirds 
of  the  time  at  Marcus  Hook,  Pa. , and  nine-tenths  of  the  time  at 
Camden,  N.  J.  Only  for  5 percent  of  the  time  did  the  chloride  con- 
centration exceed  1,000  ppm  at  Marcus  Hook;  it  was  greater  than  100 
ppm  ondj-  ] percent  of  the  time  at  Cam.len  (Cohen,  1957).  Tlie  extent 
of  salt-water  intrusion  in  the  estuary  depends  upon  fresh-water  dis- 
charge, which  is  now  regulated,  and  sea  level,  which  has  been  rising 
slowly  for  centuries  but  has  risen  more  than  6 inches  since  1930. 

As  with  other  tidal  streams  in  permeable  materials  that  carry  salt 
water  in  their  channels,  the  Delaware  River  has  an  elongate  prism  of 
saline  water  unrler  and  along  that  part  of  its  course  where  salt  water 
ocevpies  the  channel  much  of  the  time.  Salt  water  from  the  channel, 
because  of  its  greater  density  than  fresh  water,  sinlis  down  to  the 
bottom  of  the  permeable  sediments  (to  the  base  of  the  aquifers  be- 
neath the  streem)  and  fills  them  from  bottom  to  top.  If  fresh-water 
dischai'ge  takes  jilaice  from  aquifer  to  river,  as  it  does  in  most  of  the 
! length  of  the  estuary,  the  fresh  water  flows  towsird  the  salt-water 

prism  that  underlies  the  ch.annel  and  moves  upward  o\"er  the  prism  to 
seep  into  the  stream  along  its  sides  and  shoreward  bottom. 

Where  ground-water  pumping  begins  in  such  on  area  and  is  great 
enough,  or  near  enough  the  river's  edge  so  that  even  small  pumpage 
is  effective,  ssilt  water  from  the  prism  beneath  the  stream  migrates 
toward  the  wells,  and  the  prism  widens  accordingly.  Eventually  the 
salt  water  reaches  the  wells.  Restoring  the  fresh-water — salt-water 
contact  to  its  original  position  may  be  a long  and  difficult  task, 
or  even  Impossible.  At  Lewes,  Del.,  where  salt  water  was  drawn  into 
J the  municipal  well  field  from  the  Lewes -Rehoboth  canal  vdien  pumping 

I was  greatly  stepped  up  during  World  War  II,  the  original  well  field 

had  to  be  abandoned  (Marine  and  Raemussen,  1955,  p.  138).  New  well 
j svipplies  were  quickly  developed  distant  from  the  salt  water  of  the 

i canal  and  are  being  used  to  this  day.  In  the  meantime  ground  water 

in  the  old  well  field  is  freshening  as  recharge  from  precipitation 
. flushes  the  salty  water  out  of  the  aquifer . But  the  old  well  field 

II  is  not  safe  for  continued  large-scale  pumping  again — if  it  were  to  be 

sed  heavily  again  salt  water  would  encroach  upon  it . 

The  encroachment  problem  in  the  aquifers  of  the  Delaware  Estuary 
* area  has  never  been  studied  in  detail  as  it  has  been  in  parts  of 

Florida  (Parker,  1955,  P*  617-619)  and  Maryland  (Bennett  and  Meyer, 
1952,  p.  154-157),  although  mpublished,  IocslL  "spot  studies"  at  end 
near  certain  weld,  fields  have  been  made,  chiefly  by  consultants. 
Nonetheless,  the  principles  involved  ore  well  known  and  apply  to  the 
Delaware  River  -'•j.  well  as  to  the  Miami  River  and  Canal,  or  to  the 
PatapEco  River  estuary. 


Many  miles  of  coastline  in  Delavore,  IJew  Jersey^  Kev  York,  and 
Connecticut,  in  the  area  of  this  report,  are  bounded  by  the  oceem,  or 
bays  connected  with  the  ocean.  Generally,  throu^out  this  region, 
the  shores  are  in  areas  of  iiermeable  materials  such  as  unconsolidated 
sand  and  gravel  of  the  Cretaceous  and  Tertiary  periods,  or  glacial 
materials  of  the  Pleistocene  epoch.  In  materials  such  as  these  where 
salt  water  and  fresh  water  come  into  contact,  their  relationship  is 
largely  governed  by  l.he  Qiyben-Herzberg  principle.  This  is  the  famil- 
iar rule  that,  since  fresh  water  is  40/Ul  as  heavy  as  salt  water,  it 
will  take  a body  of  fresh  water  4l  feet  high  to  weigh  as  much  as  a 
similar  body"  of  salt  water  hO  feet  high.  Or,  stating  the  rule  another 
way,  given  1 foot  of  Ihresh  water  above  sea  level,  the  salt  water  will 
be  found  4u  feet  below  sea  level;  given  2 feet  of  fresh  water,  the 
salt  water  would  be  30  feet  below  sea  level,  and  so  on.  On  a freely 
permeable  island  surrounded  by  ocean  water,  the  "lens"  of  fresh  water 
in  the  island's  rocks  floats  upon  the  surrounding  and  underlying  ocean 
water  much  as  an  ice  cube  floats  in  a bowl  of  water,  with  most  of  its 
mass  submerged. 

However,  the  relai ionship  between  fresh  water  of  the  aquifers  and 
salt  water  of  the  ocean  or  bay  is  not  the  simple  static  relationship 
of  the  ice  cube  to  the  bowl  of  water.  The  aquifer-ocean  relationship 
is  a dyncmic  situation  and  forces  not  considered  in  the  Qiyben- 
Herzberg  principle,  which  is  simply  that  of  the  U-tube,  operate. 

These  forces  have  not  been  adequately  defined  to  date  but  are  the 
subject  of  a considerably  amount  of  research,  notably,  in  the  United 
States,  by  the  U.  S.  Geological  Survey  and  the  University  of  California. 
They  are; 

1.  Molecula:'  diffusion  in  the  interface  zone  tends  to  dissipate  the 

encroaching  salt-water  wedge. 

2.  Alternating  tidal  thrust  and  pull  in  and  near  the  shore  zone  Is 

a powerful  mixing  force  in  the  aquifer,  and  it  widens  and 
thickens  the  zone  between  uhe  fresh  water  and  the  sal.t  water. 

3.  Fresh-water  flow  over  the  salt  wedge  exerts  a slight  downward 

I,re.os'ire  but  its  chief  effect  is  an  "ei'oding"  force  (Parker 
as.  1 others,  1955 ^ P-  6l2)  which  sweeps  seawarcl  the  ti dally 
mi;.ed  ani  diffused  salt  water;  this  action  is  especially  ef- 
fe- tivc  doling  the  falling  stage  of  the  tidal  cycle  when  the 
main  body  of  the  salt-water  wedge  not  only  moves  seaward  but 
also  loses  hei.di'  throughout  the  area  from  which  it  withdraws. 

Thus  VC-  "annot  apjjly  the  Qiyben-Herzberg  principle  to  salt-water 
encroachr..en‘  problems  without  making  due  allowance  for  these  named 
factors.  I;  wev-r,  it  is  -f»-tain  that  the  l-to-40  ratio  of  the  Ghytoen- 
Herzberg  principl<=*  is  a "safe"  factor  to  apply  in  the  development  cxr 
conservation  of  water  8upx)l'cs  in  coast  al  oq\iifers,  for  seldom  will 
equlllbrl’m'  e-vc-r  be  - -v''-  -’loBe  to  the  sea,  at  this  limited 
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ratio.  Rather,  the  depth  to  salt  water  will  ustially  be  greater  than 
that  predicted  on  a l-to-40  ratio  , and,  likewise,  the  aak^unt  of  in- 
land encroachment  of  an  intruding  wedge  of  salt  water  will  be  aoate- 
what  less. 

But  even  with  this  information,  our  control  of  salt-water  encroach- 
ment demands  rather  conq)lete  knowledge  of  all  the  factors  inTolved. 
These  factors  are  the  most  laport.ant:  (l)  The  geology  of  the  aquifers 

and  associated  aqulcludes;  (2)  the  hydrologic  constants  of  the  aqui- 
fers, including  the  coefficients  of  transmi salbility  and  storage;  (3) 
the  changing  hydrologic  factors,  such  as  changes  in  storage,  head, 
and  migration  of  the  salt-water — fresh-water  interface. 

Thus  to  evaluate  and  consen’-e  the  water  resources  we  must  be  well 
inforrmsd  of  the  local  conditiona  imder  which  the  salt.^water— fresh- 
water system  operates.  It  is  essential  that  an  accounting  system 
of  "l2q>ut  and  outgo"  be  maintained  so  that  changes  in  storage  can  be 
known  and,  under  gl'/en  expected  conditions  of  rainfeLLl,  runoff,  re- 
charge, evapotranspiration,  punping,  and  other  related  factors,  pre- 
dictions can  be  made  of  future  availability  of  water.  Such  an  evalu- 
ation and  accounting  are  ijiq>ortant  anywhere  in  the  basin  anH  its 
service  area,  but  In  seacoast  areas,  or  inland  areas  where  saline 
sources  exist  that  are  potential  sources  of  encroachment, every  pre- 
caution must  be  taken  to  safeguard  our  water  s’jpplies. 

On  the  basis  of  past  experience,  one  ml^t  think  that  there  is 
little  to  worry  about  for  problems  of  salt-water  encroachment  have 
been  faced  before  and  hare  been  solved,  generally  without  exceaalve 
cost  or  irreparable  damage.  However,  it  would  be  most  unwise  to  con- 
clude that  conditions  will  always  be  so  easily  handled,  hence  this 
note  of  warning  so  that  precautionary  measures  may  be  taken  In  adequate 
time. 


This  logically  leads  to  such  pertinent  questions  as  : "Vhat  is 

the  salt-water  encroachment  sitiiation  in  the  basin  and  its  service 
area  today?";  "Where  are  the  danger  spots?";  and  "Vhat  nay  v«  do  to 
protect  our  fresh-water  sxqjplles  against  salt-water  encroachment?" 

General  answers  can  be  given  to  each  of  these  questions,  and  for 
certain  localities  such  as  Atlantic  City,  Asbury  Park,  Philadelphia, 
Camden,  Newark,  and  a few  others,  specific  answers  can  be  given. 

But,  for  the  most  of  the  rest  of  the  beisin,  generalizations  must 
suffice  for  now.  This  is  because  the  essential  data  needed  to  supply 
specific  answers  for  local  areas  generally  are  not  available.  De- 
tailed local  Information,  such  as  David  G.  Thompson  and  subsequent 
workers  (Thompson,  I928;  Barksdale  and  others,  193^)  gathered  for  the 
Atlantic  City  area,  H.  J.,  are  needed  now  all  along  the  shores  and 
Ini atiH  as  far  aa  tidal  streams  carry  salty  water;  and  such  detailed 
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data  vlll  be  needed  urgently  over  all  the  Coastal  Plain  of  Delaware 
and  Bev  Jersey  in  the  foreseeable  future.  Our  understanding  of  the 
salt-water  encroachment  sltiiation  over  a large  reach  in  the  area  of 
the  report  probably  is  beet  developed  at  present  on  Long  Island , 

H.  Y.,  but  even  on  Long  Island  there  Is  stlU  much  detailed  local 
Information  needed. 

Within  the  Delaware  River  basin  and  the  adjacent  Coastal  Plain 
parts  of  Bev  Jersey  and  Delaware,  salt-vatax  encroachment  is  a most 
serious  threat  to  shallow  aquifers  along  the  shores  and  the  tidal 
reaches  of  streams  that  at  times  carry  salty  water.  Xhus  the  entire 
eastern  shore  of  Delaware  and  that  part  of  Bew  Castle  County  that  is 
bisected  by  the  Chesapeake  and  Delaware  Canal  are  potentially  threat- 
ened by  salt-water  encroachment . Salty  water  at  times  extends  up 
the  Delaware  River  to  Phi lads Iphla,  thus  Bev  Jersey  is  surrounded  by 
BSLlty-vater  boundaries  from  Philadelphia  to  C^e  May  and  northward 
along  the  Atlantic  Ocean  to  and  scmewhat  beyond  Bevark.  Because  all 
the  Coastal  Plain  Is  underlain  by  aquifers  and  aquicludes  of  varying 
permeability  and  hydraxillc  head,  the  opportunity  for  encroeudmient  to 
spread  inland  varies  accordingly. 

Itoier  the  general  operation  of  the  Cftiyben-Hcirzberg  principle, 
with  modifications  Imposed  by  dynamic  conditions  (p.  5^  )>  Bature 
has  established  interface  zones  in  the  several  aquifers  at  different 
places  with  respect  to  the  modern  shoreline.  Ihus,  in  the  nonmarin* 
Cretaceous  sediments,  the  salt-water— fresh-water  interface  (using 
250  ppm  as  the  boimding  isochlor  for  the  interface  at  depth  in  the 
aquifer)  is  along  a gently  curved  line  that  crosses  Bev  Jersey  diag- 
onally from  the  ocean  beach  near  Manasquan  to  a point  on  Delaware  Bay 
about  8 miles  south  of  Salem.*  Salt  water  contednlng  more  than  2'jO  -ppa. 
of  chloride  therefore  underlies  about  half  of  the  Coastal  Plain  in 
New  Jersey  in  the  nonmarine  Cretacecas  jedlments,  and  pvnnping  from 
deep  wells  tapping  this  aquifer  group  anyvt'ere  south  and  east  of  this 
line  would  yield  only  high-chlorlds  water.  Pumping  from  deep  wells 
north  and  west  of  this  line,  and  close  to  it— as  in  central  Salem, 
Gloucester,  Burlington,  a>jd  Ocean  Counties— -would  be  likely  to  pull 
8«ilt  water  inward — that  is,  to  caus;  encroachment.  No  large  -scale 
ground-water  pxmping  would  be  safe  in  this  region  -vatbout  careful  pre- 
checking  to  ascertain  the  status  of  the  supply  and  the  potential  ef- 
fects of  the  pumping  on  existing  sopplies. 

The  next  major  aquifer  above  the  nonmarine  Cretaceous  sediments 
In  Bev  Jersey  is  the  Kirkwood  formation.  This  is  the  formation  in 
which  the  "800-foot  sand",  utilized  along  the  shore  at  Atlantic  City 
and  elsewhere,  occurs.  So  far,  there  eure  only  2 areas  of  the  Kirk- 
wood along  the  ocean  that  yield  water  containing  more  than  250  ppm  of 
chloride.  The  southernmost  1*  the  tip  of  Cape  May  peninsula,  includ- 
ing all  the  area  south  of  the  Cape  May  Canal  and  northward  to  a line 
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extending  about  from  North  Cape  May  through  Bennett  to  Wildwood. 

Worth  of  this  line  the  hydraulic  head  in  the  Kirkwood  generally  hae 
been  lufficient  to  hold  sea  water  some  distance  seaward  frcm  the 
present  shore.  ThcmpBjn  (1928,  p.  70~7k)  calculated  that  this  salt- 
water— fresh  -water  interface  in  the  Kirkwood  was  at  least  7 miles 
offshore  at  Atlantic  City  at  the  time  of  his  report. 

The  northern  hlgt-chlorlde  zcn»-  In  the  Kirkwood  fojrmatlon  is  in 
the  rlcinlty  of  Mfnasqoan-Pcint  Pleasant  and  extends  Inland  only  a 
couple  of  miles. 

The  westernskost  high-chloride  rone  in  the  Kirkwood  formation  ex- 
tends from  SsLiesi  tc  Ctoiton  and  southwestward  almost  to  the  mouth  of 
the  Cohansey  River.  Its  average  width,  measured  Inland  tram  Delaware 
Bay  shore,  is  ab'  ut  miles 

Pusping  within  ai.y  of  these  3 zones  in  the  Kirkwood  formation 
would  result  in  obtaining  water  containing  more  than  2^  ppm  of 
chloride;  and  pimping  inland  from  these  areas,  especially  near  the 
salt-water  boundaries,  would  induce  encroachment. 

The  next  important  aquifer,  or  aquifer  group,  above  the  Kirkwood 
formation  is  the  Cohansey  sand.  Biis  is  the  formation  that,  in  the 
Atlantic  City  area,  contsdns  the  "100-foot"  and  the  "200- foot"  sands 
(Barksdale  and  others,  193^>  p.  52-91).  the  sake  of  convenience, 
aquifers  in  the  overlying  Pleistocene  deposits  are  here  grouped  with 
the  Cohansey. 

Chloride  in  excess  of  2%  ppm  occurs  in  the  Cohansey  sand  along 
most  of  the  Hew  Jersey  and  Delaware  coastline,  beginning  shout  at 
Point  Pleasant  Beach,  in  northeastern  Ocean  County,  and  continuing 
southward  beneath  the  offshore  bars  and  islands;  and  on  the  mainland 
beginning  about  at  Toms  River  and  continuing  southward  beyond  Stone 
Harbor.  In  general,  the  Inland  margin  of  this  salty  zone  follows 
fairly  closely  the  line  of  U.  S.  Highway  9*  the  salt-water  boundary 
bends  inland  in  large  curves  arounl  Orest  Bay  and  Great  Kgg  Harbor, 
and  between  these  places  probably  averages  about  5 miles  Inland  from 
the  ocean  shore.  A tiny  tip  of  the  zone  of  water  containing  chloride 
exceeding  2^0  ppm  exists  in  the  Cohansey  on  Cax>e  Nay,  and  a narrow 
strip  borders  Delaware  Bay  in  New  .Jersey,  usually  less  than  a mile 
wide,  as  t&r  as  the  mouth  of  the  Cohansey  River.  In  Delaware,  on  the 
opposite  shore  of  Delaware  Bay,  a similar  but  generally  wider  strip 
extends  almost  to  Cape  Henlopen,  including  Lewes.  South  of  Lewes  the 
next  area  of  high  chloride  (i.  e.  greater  than  2^0  ppm)  is  at 
Rehoboth  Beach;  the  southernmost  areaia  surround  Rehoboth  Bay,  Indian 
River  Bay,  and  Asssw-oman  Bay — the  latter  chiefly  in  Maryland. 
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Vell«  developed  In  the  Cohansey  sand — or  in  the  permeable  eande 
overlying  It — in  the  areaa  deacribed  would  thue  yield  only  water  oom- 
taining  more  than  250  ppm  i.  If  pumping  were  on  a very  large  acale 
the  salinity  would  undoubtedly  Increase  as  water  of  higher  salinity 
was  drawn  into  the  aquifer.  Inland  from  the  zones  described,  wells 
shovild  be  developed  with  caution,  not  only  because  of  danger  to  the 
new  wells  but  also  because  existing  supplies  might  be  ruined  by  ad- 
ditional pumping. 

Inland,  from  each  cf  the  zones  of  high  chloride  described  above 
for  the  3 principal  aquifers  or  aquifer  groups  of  the  Coastal  Plain, 
there  is  a zone  of  ground  water  containing  chloride  ranging  from  250 
ppm  down  to  "normal" . The  word  "normal"  is  put  in  quotes  because  not 
enough  is  known  about  uhe  salt-water  situation  in  this  region  to  be 
certain  of  how  much  chloride  should  be  considered  "normal" . Most 
grovmd-water  hydrologists  in  New  Jersey  use  10  ppm  for  the  norm,  but 
Delaware  ground -water  hydrologists  use  25  ppm  in  that  State.  Thus, 
mapping  of  cb''<^’'^d  ,s  in  these  ranges  of  values  does  not  correlate 
frcm  State  to  State. 

If  one  uses  10  ppm  as  the  "normal " , then  wide  6u:*eai8  In  western 
Salem  and  Oloucester  Counties,  N.  J.,  are  underlain  by  the  Intermediate 
belt  of  10-250  ppm  chloride  in  the  nonmarine  Cretaceous  sediments. 

Prom  this  wide  strip  in  Gloucester  County  a narrow  band  ^ mile  to 
3 miles  wide,  averaging  perhaps  1 mile,  extends  all  the  way  up  the 
river  as  far  as  the  head  of  tidewater,  below  Trenton;  and  a similar 
but  wider  strip  occurs  on  the  Pennsylvania  side  of  the  river. 

Much  of  this  chloride  in  the  strip  up  either  side  of  the  Delaware 
River  is,  however,  not  derived  from  sea-water  eontmalnatlon.  Most 
of  It  north  of  the  Schuylkill  River  sxems  from  Industrial  and  muni- 
cipal waates  derived  from  leaky  sewers,  so-called  "sanitary"  land 
fill,  wastes  disposed  of  throu^  wells  or  septic  tanks,  and  other 
hunan  causes.  As  a matter  of  fact,  the  shallow  aquifer  In  South 
Philadelphia,  especially  In  the  vicinity  of  the  U.  8.  Navy  Yard,  and 
reaching  under  the  river  across  to  Camden,  Is  rapidly  becoming  uaeleas 
for  most  purposes  except  cooling. 

But  to  get  back  to  naturally  occ'urring  waters  of  salinity  In  the 
range  from  10-250  ppm  la  the  nonmarine  Cretaceous  sediments:  there 

is  a narrow  ribbon  of  such  water  about  a mile  wide,  extending  from 
the  very  wide  zone  in  Gloucester  County,  described  above,  northeast 
about  to  Manasquan.  In  Delaware,  along  the  Christina  River  and 
Brandywine  Creek  and  underlying  most  of  Wilmington,  a zone  of  such 
saline  water  occurs;  another,  much  smaller,  underlies  Newark;  and  a 
third,  about  the  size  of  that  at  Wilmington,  underlies  Delaware  City. 
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In  the  Kirkwood  formation  most  of  Cape  May  County  Is  underlain  by 
water  In  the  10-?50  ppm  ranpce.  The  southa”n boundary  is,  of  course, 
the  hipth-chlorlde  zone  previously  described.  The  Inland  boundary  of 
this  10-2^0  ppm  zone  extends  northeastward  about  from  Reeds  Beach  to 
Strathmore.  In  Delaware  a fairly  large  area  contalnln*?  water  of  this 
quality  extends  from  Delaware  Bay  at  Liston  Point  downstream  about  20 
miles  to  Pickering  Beach,  and  curves  Inland  a maximum  of  about  10 
miles  to  Include  Smyrna,  Cheswold,  and  Dover. 

In  the  Cohansey  sand  and  h.  Iraullcally  connected  overlying 
Pleistocene  deposits,  practically  all  of  Cape  May  County  is  included 
in  ‘his  10-250  p3jm  zone--excludlr.,^  only  those  parts  previously  des- 
cribed where  higher  chloride  exists,  and  a part  of  the  northern  end 
of  the  county  where  chloride  is  less  than  10  ppm.  Narrow  strips  a 
mile  or  so  wide,  usually  a little  less,  border  the  higher  chloride 
zone  previously  described,  and  extend  'generally  northward  along  the 
route  of  U.  S.  Highway  0 as  far  as  Toms  River  and  northwestward  in 
Cxsnberland  County  about  to  the  Cohansey  River,  the  Delaware  State 
side  of  the  estuary  this  zone,  about  a mile  or  a little  more  wide, 
be, gins  at  the  north  near  Wilmington;  it  borders  the  river  about  as  far 
as  Woodland  Beach  feast  of  SmjTTia)  and  from  this  point  south  lies  in- 
land from  the  zone  of  high  chloride  preciously  described.  A few  miles 
north  of  Lewes  this  zone  widens  greatly  to  almost  parallel  the  shore 
in  the  reach  from  Cape  Henlopen  to  the  Maryland  line.  'n  this  reach 
the  Inleuid  margin  of  the  10-250  ppm  zone  averages  about  10  miles  west 
of  the  Atlantic  Ocean. 

This  about  sums  up  our  present  knowled.^ra  of  the  status  of 
salt  water  in  the  Coastal  Plain.  Perhaps  a few  remarks  about  the 
situation  in  the  vicinity  of  Newark,  N.  J. , would  not  be  amiss  at  this 
point. 

Newark  is  in  the  Passaic  River  valley,  lying  just  west  of  Newark 
Bay,  a salt-water  body  that  is  connected  both  to  New  York  Bay  and  to 
Raritan  Bay  by  channels  at  the  north  and  south  ends  of  Staten  Island. 

The  area  is  a part  of  the  Triassic  Lowland  euid  is  underlain  by 
bedrock  of  the  Newark  group  (p.  85-90  ) chiefly  dense  red  shale  and 

seuidstone  of  the  Brunswick  formation  of  Triassic  age.  Prior  to 
Pleistocene  tinea  major  valley  developed,  trending  northeast  with  depths 
as  great  as  100  feet  under  Newark  and  dipping  to  300  feet  or  more  under 
Harrison.  In  Pleistocene  time  this  valley  and  its  tributaries  were 
filled  with  glacial  deposits  of  sand,  gravel,  silt,  and  clay.  Modern 
streams  developed  after  the  Wisconsin  ice  sheet  withdrew.  Recent 
alluvium,  chiefly  silt,  clay,  and  very  fine  sand,  has  accumulated  over 
t-.he  gj.aclal  deposits,  chiefly  in  and  near  present  river  beds.  Thus  in 
this  part  of  New  Jersey,  the  typical  thick  wedge  of  Cretaceous  euid 
Tertiary  deposits,  present  in  the  Coastal  Plain  farther  south,  is 
entirely  missing. 
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Water  occurs  in  the  Bnanswick  formation  chiefly  In  Its  cracks  and 
crevices.  Herpers  and  Barksdale  (1951,  P*  27)  estimated  the  specific 
yield  of  the  upper  300  feet  of  these  rocks  to  be  about  1 or  2 percent. 
Water  moves  most  readily  through  the  more  vertical  cracks  and  especial- 
ly throuRh  those  trending  northeasterly--apparently  the  Joint  pattern 
that  produced  the  widest  cracks. 

"^e  Pleistocene  gravels  and  sands  that  overlie  the  Brunswick 
formation  in  the  river  valleys  of  the  Newark  area  are  relatively  high 
in  permeability  and  both  transmit  and  store  comparatively  large  quanti- 
ties of  water.  The  alluvium  has  a low  or  very  low  permeability,  and 
where  thick  and  compact  is  relatively  impermeable;  however,  the 
alluvium  is  not  everywhere  thick  and  compact,  therefore  it  acts  as 
an  imperfect  aqulcluae. 

In  the  early  days  fresh  water  was  obtainable  from  wells  almost 
anywhere  in  the  Newark  area,  except  very  near  the  river  and  bay,  but 
heavy  pumping  in  areas  close  to  Newark  Bay  and  the  Passaic  River,  to- 
gether with  dredging  of  ship  channels  in  these  bodies,  has  caused  salt- 
water encroachment  to  take  place.  The  dredging  was  no  doubt  a prime 
contributor  to  encroachment  by  breaching  the  imperfect  seal  of  Recent 
and,  in  some  places.  Pleistocene  silt  and  clay  (Herpers  and  Barksdale, 
1951,  p.  50),  thus  exposing  the  permeable  sands  and  gravels  directly 
to  salt  water  throughout  the  entire  length  and  depth  of  the  excavations. 
This  is  a case  that  should  be  given  careful  consideration  in  re^^rd  to 
the  proposed  deepening  of  the  ship  channel  in  the  Delaware  Bay  and 
River. 

Salt-water  encroachment  ’’  .rouble  spots"  now  exist  in  those  coastal 
parts  of  the  service  area  where  large-scale  pumping  exists  adjacent  to 
salt-water  bodies.  Included  are  places  that  have  already  experienced 
the  loss  of  once  usable  wells  or  well  fields;  others  are  potentially 
threatened  with  encroachment.  Among  them  are  Newark,  Perth  Amboy, 

South  Amboy,  Sayrevllle,  Asbury  Park,  Atlantic  City,  Cape  May,  Penns 
Crbve--all  in  New  Jersey,  and  in  Delaware  the  most  threatened  spots 
probably  are  Lewes  and  Rehoboth  Beach.  But,  as  mentioned  earlier  in 
this  section,  wherever  now  large-scale  pvmping  is  developed  in  an  aqui- 
fer near  the  salt-water--fresh-water  interface — as  in  the  nonmarine 
sediments  of  CretAceous  aquifer  in  eastern  Camden  County,  60  miles  or 
so  inland  from  the  ocean--salt-water  en''roachment  could  be  induced  and 
a new  "trouble  spot"  could  develcp. 

How  may  the  fresh-water  supplies  be  best  protected  against  dam- 
age or  ruin  by  salt-water  encroachment?  The  answer  is  not  a simple 
one  because  the  problems  themselves  are  complex.  In  general  we  must 
first  of  all  develop  a better  understanding  of  local  conditions  in  all 
aquifers  and  related  surface-water  bodies  that  have  a bearing  on  the 
salt-water  problem.  We  need  comprehensive  information  for  the  whole 
Coastal  Plain  similar  to,  but  even  more  detailed  than,  that  now 
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avail-able  for  the  Atlantic  City  area- -details  on  the  local  geology  anri 
hydrology  such  as  depth,  thicknes?,  and  effectiveness  of  aquifers  and 
aquicludes;  the  hyxiraulic  heads  and  vater-table  or  plezometric  maps 
depicting  these  hydraulic  heads;  the  variation  of  chloride  in  the  aqui- 
fers, with  isochlor  maps  currently  constructed  at  reasonable  tlme- 
intervala,  perhaps  semiannually  in  s^/me  areas  and  annually  in  others; 
and  other  similar  or  related  data,  including  changes  of  chloride  and 
of  stage  and  flow  of  aurfaoe-vater  bodies. 

Given  such  essentied.  background  data  consisting  of  permanent 
(geologic,  chiefly)  and  changing  (hydrologic  and  chemlcad.  qustllty) 
data,  local  or  State  authorities  would  be  in  a position  to  enact  and 
put  into  effect  the  immediate  controls  required. 

With  respect  to  streams  carrying  salt  water,  the  most  effective 
way  to  keep  salt  water  out  is  to  utilize  dams,  tidal  gates,  or  other 
b€UTlers  as  far  downstream  as  possible.  Where  water  traffic  is  import- 
ant, as  it  is  on  the  Delaware  and  Passaic  Rivers,  such  structures  may 
be  considered  impractical  because  of  navigational  needs.  If  they  are 
impractical,  then  the  only  alternative  meanr  of  keeping  salt  water  out 
of  the  streams  is  to  maintain  such  high  flows  of  fresh  water  that  salt 
water  cannot  encroach  in  the  face  of  it 


Salt-water  encroachment  may  be  hastened,  or  eren  initiated,  by 
construction  of  a tidal  canal  or  canal  system  designed  to  do  no  more 
than  dretln  low-lying  marshes.  Kiis  was  the  prime  cause  of  the  serious 
salt-water  encroachment  prot.''jem  In  southeastern  Florida  (Parker  and 
others,  1955 ^ P*  584- -591/ • Or  the  encroachment  may  stem  from  the 
breaching  of  a relatively  impermsabJe  blanket  of  silt  and  clay  on  the 
bed  of  a river  when  shlp-channt:  ■.  dredging  take®  place  (Herpers  and 
Barksdale,  1951>  p.  4o) . Th.ic<,  t':.e/e  le  a real  possibility  of  such 
encroachment  in  the  lower  basin,  ov  _ng  to  the  proi>o3ed  additional 
deepening  and  widening  of  the  ship  chajrnel  Ttobx  bel)W  Philadelphia  to 
head  of  tidewater  at  Trenton. 

Such  dredging  would  undcubtedj,y  facilitate  +hs  mc'  "anert  of  water 
from  the  river  into  the  aquifer;  or  vice  verea,  according  to  the 
relative  hydraulic  heads.  No  fcamf.il  results  could  accrue — in  fact 
benefits  would  res-dt-- from  sucL  dredging  if  the  .i'Jiality  of  the  rlrer 
water  were  to  be  maintained  In  a rat'' ^factory  condition.  Biit  If  the 
deepened  and  widened  channel  beciome.  an  Inland  extension  of  the  sea, 
or  if  pollutants  are  allowed  to  spoil  the  river  water,  the  deepened 
channel  would  provide  easy  a-renuep  of  entrance  to  the  aquifers,  and 
the  ground-water  supplies  would  be  en^iangered,  if  net  ruined,  for 
most  uses. 
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One  other  effect  to  be  expected  from  videning  and  deepening  the 
cut  throu^  the  euiulfers  in  the  Phi  lade  Iphia-Trenton  area  la  con- 
cerned irlth  dlacharge  frcm  the  aquifers.  ReBoval  of  allt  and  sud  on 
the  rlrer  bottcai  vould  increase  the  dlacharge  for  any  ^T«n  head  that 
exlata  In  the  aquifers  above  river  level.  Bile  would  result  not  only 
In  reducing  hydraulic  head  close  to  the  river,  but  eilao  In  aaklng  it 
that  much  easier  for  salty  or  polluted  water  to  move  into  the  aquifer 
against  the  lowered  fresh-water  head  in  the  aquifers. 

No  easy  solution  to  this  problem  presents  Itself.  It  would  be 
extremely  costly  and  difficult  to  "pave"  the  deepened  channel  either 
by  over-dredging  and  then  allovlng  Nature  to  replace  the  removed 
silt-clay  blanket,  or  to  use  cement  gro\rt  or  other  known  ljgq>enneable 
naterlals.  The  only  practical  ways  are  those  mentioned  earlier:  (l) 

Construction  and  operation  of  a salt-water  barrier  or;  (2)  Increased 
fresh-vater  flow  In  the  river. 

PRouuLTivrn  op  Aquarae 

The  productivity  of  an  aquifer  depends  on  several  factors  among 
which  are  the  extent,  thickness,  average  permeability,  recharge  poten- 
tial, storage  capacity,  and  susceptibility  to  salt-water  encroaehawnt 
of  the  aquifer.  An  approximate  measure  of  the  productivity  of  the 
aquifers  In  the  Cosistal  Plsdn  Is  provided  by  the  expected  yields  of 
properly  constructed  drilled  wells  tapping  the  entire  thickness  of  the 
aquifers.  Bie  location,  spacing,  and  size  of  such  wells  depend  on  the 
factors  mentioned  above,  and  also  on  the  economies  of  watei*  demand. 

As  discussed  In  the  section  on  ground-water  storage,  the  average  rate 
of  consvnq^tlve  withdrawal — the  ixet  discharge  from  t^  aquifers — cannot 
exceed  the  average  rate  of  recharge  without  depleting  the  storage  and 
ultimately  ruining  the  coastal  portions  of  the  aquifers  by  causing 
I encroachment  of  salt  water. 

. The  hydraulic  coefficients  of,  and  ylalds  of  wells  In,  the  aqui- 

fers of  the  CoaateLL  Plain  have  been  cited  In  a previous  section. 

Plate  9 -shows:  (l)  The  areas  in  wblch  it  la  known  or  believed  that 
adequate  wells  can  be  developed  in  each  aquifer;  and  (2)  the  produc- 
i tlvlty  that  may  be  expected  from  properly  constructed  modem  wells 

penetrating  the  entire  aquifer.  The  map  is  generalized  and  Is  based 
f partly  on  interpolation  and  extrapolation  of  field  data.  Because  the 

j available  data  are  not  sufficiently  comprehensive,  the  map  (pi 

, can  only  approximately  represent  the  entire  picture.  For  exms^ple, 

wells  may  not  everywhere  produce  as  much  as  the  map  Indicates,  espec- 
ially on  the  fringes  of  the  se-'n-ral  areae;  or  hlg^ily  productive  zones 
may  well  extend  beyond  the  boundaries  shown,  esi>eclally  In  a seaward 
direction . 
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THE  APPAL/\CHTAJ;  Hir.HLAJTDS 
GENERAL  FEATURES 


The  extenclve  region  north  of  the  Fall  Line  is  a part  of  the 
Appalachian  Hiphlands — a major  physiographic  subdivision  of  the 
'Jnlted  States  (Fenneman,  1936).  The  region  comprises  parts  of  four 
physiographic  provinces,  each  having  distinctive  landforms  which 
are  related  to  the  types  and  structure  of  the  rocks  and  to  *:he  geo- 
logic history  of  the  province.  From  the  Fall  Line  northward  these 
Include  the  Piedmont,  New  Engleind,  Valley  and  Ridge,  and  Appalachian 
Plateaus  provinces  (pi.  3)  • Each  province  is  fiurther  subdivided 
into  sections  or  subprovinces. 

The  Piedmont  province  contains  2 very  distinct  subprovinces: 
the  Piedmont  Upland,  a considerably  eroded  low  plateau  formed  primar- 
ily l>y  weathered  crystalline  rocks  such  as  granite,  gneiss,  and 
schist;  Eind  the  Piedmont  or  Triasslc  Lowland,  a lower  and  less  rugged 
area  formed  largely  by  relatively  soft  shale  and  sandstone  but  in- 
cluding also  ridges,  hills,  and  small  plateau-like  svirfaces  formed  by 
harder  rocks — principally  diabase,  basalt,  and  argillite.  Another, 
much  smaller,  area  is  Chester  Valley  (pi.  3).  a narrow  lowland  trend- 
ing westward  across  the  center  of  the  Piedmont  Upland,  Chester  Valley 
is  underlain  by  limestone  and  dolomite  (carbonate  rocks  on  pi.  11 ) 
which  are  soluble  and  therefore  less  resistant  to  erosion  than  the 
sunrounding  rocks. 

The  New  England  province  extends  into  the  basin  from  the  north- 
east as  a long  tongue  terminating  near  Reading,  Pa.  Within  the  basin 
it  consists  entirely  of  the  Reading  prong  of  the  New  England  Upland 
subprovince  which  is  called  the  Highlands  in  New  Jersey.  The  area  is 
moderately  rugged  and,  especially  in  its  northeastern  part,  it  is  char- 
acterized by  approximately  parallel,  somewhat  irregular  ridges  and 
intervening  valleys  all  trending  northeast,  ihe  ridges,  which  rise 
about  500-1,000  feet  above  the  valleys,  are  formed  largely  by  gneiss 
and  related  hard  crystalline  rocks;  the  valleys  are  imderlaln  by 
weaker  rock6--prlnclpally  carbonate  rocks  and  shale.  Most  of  the 
New  EngJLand  province  has  been  glaciated.  In  the  northeastern  part, 
in  New  Jersey,  the  ridges  are  blanketed  by  extensive  deposits  of 
glacial  till,  and  the  valleys  contain  thicker  deposits — largely  out- 
wash — which  completely  mask  the  bedrock  in  most  places. 

The  Valley  and  Ridge  province  is  divided  by  a ridge  known  in  Penn- 
sylvania as  Blue  Mountain,  into  two  main  parts:  (l)The  Great  Valley 

to  the  south;  and  (2)  a sequence  of  narrow  valleys  and  ridges  to  the 
north.  Known  also  in  New  Jersey  as  Kittatinny  Mountains,  and  in  New 
York  as  Ghawangunk  Mountains,  this  ridge  for  convenience  will  herein- 
after generally  be  designated  as  the  Blue  Mountain  ridge. 
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The  Great  Valley,  a relatively  broad  feature  8-20  miles  vide  in 
the  basiji,  actually  consists  of  2 belts  of  contrasting  landforms. 

The  sovithem,  and  narrower,  belt  is  a gentle  lowland  formed  by  rela- 
tively weak  carbonate  rocks.  The  northern  belt,  formed  by  more  re- 
sistant shale,  slate,  and  sandstone,  is  a deeply  eroded  surface  ris- 
ing abruptly  several  hundred  feet  above  the  lowland  to  the  south. 

As  in  the  New  Bngl province,  the  northeastern  part  of  the  Great 
Valley  has  been  glaciated,  and  parts  of  this  area  are  covered  by  gla- 
cial deposits  of  varying  thickness  and  permeability. 

North  of  the  Blue  Mountain  ridge,  the  Valley  and  Ridge  province 
is  characterized  by  alternating  ridges  and  valleys  which  trend  gener- 
ally northeast,  parallel  to  the  regional  "grain"  of  the  topography 
btrt  which  at  many  places  curve,  bend  abrxiptly,  reverse  direction,  or 
zig-zag.  13ie  highest  and  steepest  ridges,  which  have  rather  uniform 
suDBiit  altitudes  of  1,^00-2,000  feet,  are  formed  by  the  hardest  mater- 
ials—chiefly  thick-bedded  q.uartzose  sandstone  and  conglonerate . 

Lesser  ridges  are  formed  by  more  thinly  layered  sandstone  and  hard 
shale.  The  valleys  are  underlain  by  rocks  less  resistant  to  erosion, 
such  818  soft  shale  and  carbonate  rocks. 

The  most  extensive  development  of  these  valleys  and  ridges  is 
west  of  the  Lehigh  River;  the  belt  narrows  between  the  Lehigh  River 
and  the  Delaware  Water  Gap  near  Stroudsburg,  Pa.  Northeast  of 
Stroudsburg  the  belt  narrows  still  further  and  consists  principally 
of  the  Kittatinny-Shawanguak  Mountains  ridge  and  the  valley  of  the 
Delaware  River.  The  area  northeast  of  Stroudsburg  has  been  glaciated, 
and  the  valleys  of  the  Delaware  River  and  Jts  major  tributaries  are 
filled  with  glaclsl  outwash. 

The  Appalachian  Plateaus  province,  which  occupies  approximately 
the  northern  third  of  the  basin,  is  an  vpland  formed  by  flat-lying 
to  very  gently  folded  beds  of  sandstone,  shale,  and  conglomerate . 

The  gentle  to  flat  structure  of  the  beds  contrasts  with  the  strongly 
folded  and  faulted  structure  of  the  similar  beds  in  the  adjoining 
Valley  and  Ridge  province  and  accoimts  for  the  difference  in  landform 
between  the  2 provinces.  The  relation  of  rock  structure  to  topography 
is  well  shown  by  the  gradational  change  from  one  province  to  the 
other  near  the  Lehigh  River;  there  the  folds  in  the  Valley  and  Ridge 
province  flatten  toward  the  northeast  gradually  rather  than  abruptly. 

The  2 sections  or  subprovinces  of  the  Appalachian  Plateaus  pro- 
vince in  the  basin— the  southern  New  York  section  (which  includes  the 
Pocono  Mountain^  and  the  Catskill  Mountal ns— differ  chiefly  in  relief; 
the  bovmdary  between  them  shown  on  plate  is  vague  luid  arbitrary. 

In  both  etreas  the  layers  of  rock  are  nearly  flat;  the  greater  eltl- 
t\ade  and  relief  of  the  Catskills,  which  attain  an  altitude  of  4,200 
feet  at  Slide  Mountain  on  the  eastern  border  of  the  basin,  is  due  to 
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the  superior  resistance  to  erosion  of  the  con/^lomerate  and  coarse - 
'^.rained  sandstone,  which  are  more  abundant  there.  Few  summits  exceed 
2,000  feet  in  altitude  in  the  southern  New  York  section  of  the  plat- 
eaus, amd  most  of  tht  area  is  between  altitudes  of  1,000  and  1,500 
feet.  The  Delaware  River  and  its  major  tributaries  have  carved  deep, 
narrow  valleys  across  the  plateaus  in  both  subprovinces. 

Probably  all  the  plateau  region  has  been  glaciated,  although  the 
most  recent  glaciation — that  of  the  Wisconsin  stage  (table  l) — did  not 
extend  into  the  southernmost  part  oi  the  region  (pi.  3 ).  Olacial 
till  mantles  most  of  the  area,  and  the  drainage  pattern  has  been  modi- 
fied greatly  by  the  effects  .of  the  ice  sheets.  Marshes  and  lakes  dot 
the  flatter  parts  of  the  plateaus  in  Pennsylvania.  The  large  valleys 
are  filled  with  thick  outwash. 

OCCURRENCE  OF  GROUND  WATER 

In  the  Appalachian  Highlands,  ground  water  occurs  in  both  con- 
solidated rocks  and  unconsolidated  sediments,  but  although  the  glacial 
outwash  supplies  the  most  productive  wells,  by  far  the  most  water  is 
in  the  consolidated  rocks  because  of  their  greater  extent. 

The  glaciated  northern  half  of  the  area  is  blanketed  dlscontinu- 
ously  by  unconsolidated  sediments.  Thin  unbedded  deposits  of  glacial 
till  lie  on  the  interstream  areas;  bedded  deposits  of  glacial  outwash 
lie  along  the  major  stream  valleys,  both  in  the  glaciated  area  and  in 
the  unglaciated  area  to  the  south.  The  glacial  outwash  is  the  most 
permeable  and  productive  aquifer  in  the  Highlands,  but  its  total  vol- 
ume is  small;  nonetheless,  if  large  local  supplies  of  ground  water 
are  to  be  developed,  the  best  sites  for  such  developments  would  be 
where  the  larger  bodies  of  glacial  outwash  are  to  be  fotind  in  hydraul- 
ic connection  with  perennial  streams,  as  is  commonly  the  case  in  the 
larger  stream  valleys.  Though  much  more  extensive  than  the  outwash, 
the  glacial  till  is  less  permeable  and  usually  is  too  thin  to  yield 
large  perennial  supplies  of  ground  water. 

The  consolidated  rocks  underlie  all  the  unconsolidated  sediments 
and  are  exposed  at  or.  near  the  land  surface  throughout  most  of  the 
southern,  unglaclated,  -part  of  the  Appalachian  Highlands.  The  capac- 
ity of  the  consolidated  rocks  to  store  and  transmit  water 

ordinarily  is  much  less  than  that  of  the  unconsolidated  sediments, 
but  their  great  thickness  and  extent  make  the  consolidated  rocks  the 
principal  aquifers  in  the  Appalachian  Highlands. 

The  consolidated  rocks  are  herein  divided  into  3 major  categories 
based  on  the  nature  and  distribution  of  their  water-bearing  openings: 
(l)  Crystalline  rocks;  (2)  carbonate  rocks;  and  (3^  clastic  rocks. 

Tiie  general  characteristics  of  each  of  these  categories  are  described 
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briefly,  and  the  geologic  formations  that  ccmpose  each  type  are  listed 
in  the  lections  follovlng.  The  IndlTldual  formations  are  described 
Y«ry  briefly  in  table  l^ehlch  shows  also  their  relatlTe  ages  and  strat- 
igraphic sequence.  Because  it  is  Impossible  to  shew  in  one  table  all 
the  consolidated-rock  formations  in  so  large  and  diverse  an  area  as 
the  j^alachlan  Hlf^ lands  portion  of  the  Delaware  River  basin,  table  6 
lists  the  formations  in  each  of  the  physiographic  subdivision  of  the 
Appalachian  Sighlands  and  indicates  their  approximate  age  relations. 

Bie  outcrons  of  the  consolidated-rock  formations  are  shewn  on 
plates  li  amd  ±i  8»nd  stratigraphic  and  structural  relations  of  the 
rocks  are  in  part  shown  diagranmatically  on  plate  13. 

The  mconaolldated  sediments  are  described  in  a later  section, 
ftieir  extent  is  shown  on  plate  and  their  thicfcae.se  and  distribu- 
tion in  and  adjacent  to  the  major  stream  valleya  are  shown  on  plate  15.. 

COTSTALLDrK  ROCKS 

Crystalline  rocks  are  conqposed  of  interlocking  mineral  grains— 
crystals — which  formed  either;  (1)  by  cooling  of  molten  material 
(to  form  igneous  rocks)  or|  (8.)  by  crystallization  of  previously  ex- 
isting rocks  either  through  tremendous  prpsevire  as  the  earth's  crust 
folded  and  was  squeezed,  or  (and)  by  deep-seated  emanations  of  hot 
liquids  or  gases  to  form  metamorphic  rocks.  The  crystals  may  range 
in  size  from  microscopic  grains  to  giants  several  inches  in  diameter. 

The  common  igneous  rocks  in  the  basin  are  granite,  gabbro,  dia- 
base, and  basalt.  Of  these,  the  granitic  to  gahbrolc  rocks  cooled 
slowly  at  considerable  depth  in  the  earth's  crust  and  are  relatively 
coarse  grained.  Many  of  these  rocks  appear  to  be  of  igneous  origin 
but  are  now  believed  to  be  actual. ly  of  metamoi^hic  orlglu.  Diabase, 
a dark  rock  generally  having  smaller  crystals  than  granite  or  gabbro, 
forms  intrusive  sheets  (sills)  and  dikes  in  sedimentary  rocks,  irtiereas 
basalt,  a still  finer  grained  rock,  originated  os  lava  flows  that  be- 
came interbedded  with  sedimentary  rocks. 

The  metamorphic  rocks  of  the  Appalachian  Highlands  include  gneiss, 
schist,  phylllte,  slate,  quartzite,  and  probably  some  of  ths  granitlc- 
rock  t>i>es  mentioned  above.  These  rocks  derive  their  type  name  from 
the  fact  that  they  have  been  metamorphosed  (changed)  by  heat  and  (or) 
pressure  from  rocks  of  sedimentary  or  igneous  origin.  Tney  commonly 
have  a pronounced  banding,  laytrjjig,  or  allnement  of  minerals. 
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Some  of  the  crystalline  rocks  grade  imperceptibly  into  the  other 
major  types,  so  that  any  classification  is  arbitrary.  For  example, 
marble — a crystalline  carbonate  rock  originating  as  a sedimentary  rock 
(limestone) — has  water-bearing  properties  similar  to  those  of  the  non- 
crystalline carbonate  rocks  and  for  that  reason  is  grouped  herein  with 
the  carbonate  rocks  rather  than  with  the  crystalline  rocks.  Slate — 
a metamorphosed  shale--grades  into  shale  in  parts  of  the 
service  area  and  is  grouped  more  conveniently  with  the  clastic 
rocks  than  with  the  crystalline  rocks.  Some  quartzite 

differs  very  little  from  hard,  strongly  cemented  quartzose  sandstone 
and  conglomerate,  and  also  may  be  grouped  with  the  clastic  rocks. 


As  defined  herein,  the  crystalline  rocks  Include  the  following 
units  shown  on  plates  11  and  12  and  listed  in  table  1. 


Age 

Map  unit 

Formation 

Priassic 

Diabase 

Basalt 

"trap  rock" 

lambrlan 

Quartzose  rocks 

Antletam  sandstone 
Harpers  schist 
Chickies  or  Hardyston 
quartzite 

Early  Paleozolc(?) 

nienarm  series 

1 

Peters  Creek  schist 
Wlssahickon  formation 
Setters  formation 

Precambrian  and 
Paleozoic 

Granitic  to  gabbroic 
rocks 

Ultramafic  rocks 

Gneiss 

Gneiss  of  Precambrian 

The  oldest  rocks  in  the  Delaware  River  basin  are  various  types  of 
gneiss  and  similar  crystalline  rocks  of  Precambrian  age.  They  occur 
in  both  the  major  areas  of  crystalline  rocks--the  Piedmont  Upland  and 
the  New  England  Upland — but  are  most  extensive  in  the  New  England 
Upland. 


The  gneiss  and  related  rocks  are  of  diverse  origin;  they  Include 
highly  metamorphosed  sedimemary  and  l/neous  rocks,  immetamorphosed 
igneous  rocks,  and  complex  mixtures  of  these  types.  In  the  Piedmont 
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'Upland  many  of  tlie  igneous  or  igneous-appearing  rocks  have  been  dif- 
ferentiatied  froir  +he  known  metamorphic  rocks  and  are  shown  on  the 
geologic  nap  (pi.  11  as  ultramaflc  rocks  and  granitic  to  ^abbrolc 
rocks,  but  In  the  hew  England  Upland  all  the  rocks  are  grouped  as 
gneiss  and  related  crystalline  rocks  (pis.  il  and  1?)„ 

In  the  Piedmont  Upland  the  gneiss  of  known  Precambrian  age  has 
been  called  the  Baltimore  gneiss  and  the  Pickering  gneiss.  In  the 
Hew  wngionH  'Upland  the  named  formations  include  the  Byram  granite 
gneiss,  the  Lossee  dioi Ite  gneiss,  and  the  Pochuck  gabbro  gneiss,  but 
there  are  also  seTeral  kinds  of  unnamed  gneiss  believed  to  be  largely 
of  metasediment ary  origin  (Smith,  195T,  P-  71-T6).  Because  of  their 
similar  water-bearing  properties,  their  uncertain  correlation,  and 
their  conplex  associations,  all  these  rocks  are  herein  grouped  in  one 
hydrologic  vinlt . 

Most  of  the  gneiss  is  medium  to  coarse  grained  and  heua  a more  or 
less  prominent  banding  or  layering  of  tne  minerals.  In  cuniposltlon, 
the  types  range  from  llght-colnred  rocks  having  abundant  quartz  and 
feldspar  to  dark  rocks  containing  eib'andant  iron-  and  magnesivan-bearlng 
mlnereLls.  Gneiss  or  schist  containing  graphite  occurs  at  scattered 
localities  in  the  Piedmont  ^^land. 

Ultramaflc  Rocks 


The  ultramaflc  rocks  (rocks  high  in  magnesium  and  iron-bearing 
minerals)  which  consist  of  mors  or  lees  altered  or  metamorphosed 
igneous  rocks — chiefly  serpentine,  metapyroxenlte,  and  metaperlodot- 
ite— occur  as  umal 1 maneee  at  scattered  localities  in  the  Piedmont 
Upland.  The  outcrops  form  low  hllle  and  ridges  that  are  distinct- 
ively barren  of  vegetation  and  are  characterized  by  very  thin  soils . 
The  ■m»n  amount  of  water  that  occurs  in  these  rocks  generally  haa  a 
high  content  of  magneelum  bicarbonate,  owing  to  the  abundance  of 
aagneslUB  In  the  rock- forming  minerals . 

Granitic  to  Gahhroic  Bocks 

The  granitic  to  gabbrolc  rocks  comprise  granite,  quartz  monzonite, 
grenodloortt^,  quartz  diorlte,  syenite,  dlorlte,  anorthosite,  gabbro, 
and  related  rocks.  At  many  places  these  rocks  intergrade  with  gneiss 
of  Precambrian  age  or  with  pchlst  and  gneiss  of  the  Olenarm  series,  so 
that  it  is  difficult  to  portray  the  boundaries  of  the  units  on  a geo- 
logic map.  Only  the  larger  ma-ises  of  relatively  unmlxed  granitic 
to  gabbrolc  rocks  in  the  Piedmont  Upland  are  shown  on  the  geologic 
map  (pi.  11  );  in  the  New  England  'Jxjland  these  rocks  are  grouped  with 
the  gncits  of  Precambrian  age. 
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Gebbro  is  the  most  abundant  type  in  the  southern  part  of  the  Pied- 
mont Upland,  whereas  quartz  monzonite,  granodiorite , quartz  diorite, 
and  anorthosite  predominate  in  the  northern  part  of  the  Upland,  north 
of  Chester  Valley.  Most  of  these  rocks  are  medium  to  coarse  grained 
and  are  not  as  strongly  banded  or  layered  as  the  gneiss  and  schist. 
Fractures  (joints)  are  relatively  far  apart,  are  regularly  spaced, 
and  commonly  form  a set  of  three  mutually  perpendicular  planes.  A set 
of  curved  fractures  (sheeting)  approximately  parallel  to  the  land  sur- 
face is  developed  in  some  of  the  sparsely  Jointed  rocks. 

Like  the  other  crystalline  rocks,  the  granitic  to  gabbroic  rocks 
contain  dikes  of  pegmatite  and  metadiabase  and  veins  of  quartz. ' Many 
of  these  veins  and  dikes  are  highly  fractured  euid  yield  more  water  than 
the  surrounding  rocks . 


Glenarm  Series 


Most  of  the  Piedmont  Upland  south  of  Chester  Valley  is  underlain 
by  a sequence  of  schistose  and  gnelssose  rocks  of  predominantly  meta- 
sedimentary origin  known  as  the  Glenarm  series  (Bascom,  Clark,  Barton, 
and  others,  1909,  p.  4).  In  order  of  decreasing  age  the  Glenarm  series 
consists  of  the  Setters  formation,  the  Cockeysville  marble,  the 
Wissaiiickon  formation,  and  the  Peters  Creek  schist.  The  age  of  these 
rocks,  formerly  thought  to  be  Precambrian,  is  now  considered  probably 
early  Paleozoic.  Increasing  evidence  indicates  that  the  Glenarm  series 
consists  of  more  highly  metamorphosed  equivalents  of  rocks  of  known 
Cambrian  and  Ordovician  age  farther  north  (Watson,  1957),  as  shown  in 
table  6. 

The  Setters  formation  consists  largely  of  quartzite  and  mica- 
quartz  schist  and  is  similar  to  the  Chickles  quartzite  of  Cambrian  age 
to  the  north. 

The  Wissahickon  formation,  which  constitutes  the  bulk  of  the  Glen- 
arm series  in  the  Delaware  River  basin,  includes  a variety  of  rocks 
ranging  I’rom  gneiss  in  the  southern  part  of  the  area  to  fine-grained 
schist  and  phylllte  in  the  northern  part.  Micas  (muscovite  and  blotite) 
are  the  most  abundant  minerals;  other  important  minerals  Include 
feldspar,  quartz,  chlorite,  and  garnet. 

The  Peters  Creek  schist,  which  lies  in  the  northern  part  of  the 
outcrop  of  the  Glenarm  series,  is  generally  similar  to  the  fine- 
grained mica  schist  and  phylllte  in  the  Wissahickon  formation  immed- 
iately south. 
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Spacing  and  orientation  of  fractures  In  the  rocks  of  the  Glenarm 
series  are  dependent  on  the  texture  of  the  rocks  and  the  direction  of 
application  of  de format lonal  forces  In  the  earth's  crust.  Where  mica 
or  chlorite  are  abimdant  the  rock  tends  to  split  readily,  parallel  to 
the  layering  of  these  minerals,  hut  fractures  are  farther  apart  and 
more  evenly  spaced  in  the  sure  massive  rocks,  irtiere  a considerable 
aanoumt  of  admixed  granitic  or  gabhrolc  rock  is  present. 

Quartzose  Bocks  of  Cambrian  Age 

The  quai^Kose  rocks  of  Cambrian  age  Include  the  Chickles  quartzite, 
the  Btarpers  schist,  and  the  /ntietam  sandstone  in  the 
PiadBiont  Upland,  and  their  approximate  equivalent,  the  lardyston 
quartzite  in  the  Hev  RngTand  Upland  (tables  1 and  6) . These  rocks 
actually  are  intermediate  in  character  between  the  crystalline  rocks 
and  the  clastic  rocks;  they  consist  of  qtiartzose  sand- 

stone and  sooie  conglomerate  and  shale  that  have  been  metamoiphosed 
slightly  to  moderately.  However,  because  of  their  almost  total  lack 
of  intergranular  porosity,  they  resemble  in  hydrologic  proi^erties  the 
crystalline  rocks  more  closely  than  the  clastic  rocks. 

Because  of  their  brittleness  the  quartzose  rocks  are  highly  fractured 
at  many  places,  particularly  in  the  vicinity  of  faults  or  contacts 
with  older  rocks. 

In  parts  of  the  Piedmont  Upland  the  quartzose  rocks  attain  a 
thickness  of  more  than  1,000  feet,  and  because  of  their  hardness  and 
reaistcuice  to  weathering  they  form  conspicuous  ridges  and  hills.  In 
the  Hev  Rngland  Upland,  where  these  rocks  generally  are  only  a few 
tens  of  feet  thick,  they  form  inconspicuous  low  ridges  or  abrupt 
elopes  at  valley  margins. 

Basalt  and  Diabase  of  Trlaeslc  Age 

, In  the  Delaware  River  service  area  the  youngest 

crystalline  rocks  are  basalt  and  diabase — commonly  called  trap  rock  — 
of  Triassic  age.  Both  are  dense  dark  rocks  of  igneous  origin  and 
consist  mostly  of  approximately  equal  amounts  of  plagloclaee  and  aug- 
I ite.  The  basalt  is  fine-grained  and  occurs  as  lava  flows  Interbedded 

I with  the  shale  and  sandstone  of  the  Newark  group; the  diabase  is 

t coarser  grained  and  forms  sills  intruded  between  the  beds  of  sedi- 

l mentary  rock  of  the  Newark  group  or  as  dikes  cutting  across  those 

, beds.  Both  the  basilt  and  the  diabase  are  much  more  resistant  to 

erosion  than  the  surrounding  sedimentary  rocks  and  form  prominent 
ridges  and  hills  several  hundred  feet  high  in  the  Trieissic  Lowland. 

The  basalt  forms  a series  of  concentric  arcuate  ridges — the  Watchung 
Mountains — in  northern  New  Jersey,  outside  the  Delaware  River  bausln; 
the  dlabeise  forms  many  scattered  hills  and  ridges  across  the  beisln  aind 
forms  the  well-known  Palisades  along  the  west  bank  of  the  Hudson  River 
(pi 
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Hydrologic  Propertlea  of  tlx«  Bock* 

la  spite  of  their  direr se  origin,  all  the  cryetalUae  rocks  hare 
genarally  similar  hydrologic  prqparties:  they  hare  little  or  no  In- 

tergraaalar  porosity  except  in  the  veathered  zone  near  the  land  s«r- 
face;  eolation  openings  such  as  those  in  the  corhonate  rocks  are 
scarce  or  ahsent;  aad  practically  all  vater  In  the  flresh  rock  occurs 
in  firacture  openings.  Porosity  decreases  vlth  depth  more  rspldly 
than  la  any  of  the  other  rock  types  In  the  basin,  and,  except  lo- 
cally, little  vater  Is  obtainable  belov  a depth  of  about  300  feet. 

Am  a general  rule  the  foUovlng  zones  are  encountered  In  down- 
ward succession  in  the  crystalline  rocks:  (l)  Soil  and  decos^osed 

rock  consisting  of  granular  aaterial— largely  a mixture  of  clay,  silt, 
sad  sosM  sand;  (2)  disintegrated  rock  irtilch  downward  contains  more 
and  more  residual  masses  of  fresher  rock;  (3)  relatlwely  fresh  frac- 
tured rock;  (4)  fresh  rock  In  which  the  fractures  are  closed  by  the 
weight  of  the  orer lying  rock. 

Usually  these  zones  are  gradational,  and  local  exceptions  to  the 
sefuaaee  ore  coBsa^n.  At  scsm  places  where  erosion  has  been  rsry 
aotlTS  or  the  rocks  ore  unusually  resistant,  fresh  rock  extends  to 
the  load  surface,  and  in  much  of  the  glaciated  part  of  the  lew  Ingland 
•jplaad,  glacial  deposits  directly  overlie  fresh  rock. 

lha  thickness  and  character  of  the  zones  are  related  to  nusarous 
factors,  among  which  are  the  land-form,  the  type  of  rock,  and  the 
geologic  history  of  the  area.  Other  factors  being  equal,  the  veather- 
ed zone  also  varies  considerably  with  rock  type.  The  hardest  and 
chemlcsdly  most  stable  rocks,  such  as  quartzite,  tend  to  form  the 
’ thinnest  veathered  zones,  whereas  the  weak  and  chemically  imstoble 

! rocks, such  as  much  of  the  gneiss  and  schist  of  the  Glenarm  series 

tend  to  form  thick  weathered  zones.  The  thickness  of  weathered 
' material  in  the  outcrop  of  the  Olenarm  series  of  the  Piedmont  Upland 

commonly  exceeds  25  feet  and  In  places  exceeds  50  feet . 

The  character  of  the  weathered  material  Is  closely  related  to 
that  of  the  parent  rock;  rocks  hlj^  In  quartz  tend  to  form  sand, 
idiereas  rocks  such  as  gabbro  which  have  little  or  no  quartz  form  much 
lass  permeable  clay  and  silt.  Most  of  the  crystalline  rocks  In  the 
basin  weather  to  an  unsorted  assemblage  of  clay,  silt,  and  sand  hav- 
ing moderate  to  low  permeability. 

Weathering  is  most  active  In  the  zone  above  the  lowest  level  of 
the  vater  table.  The  prlnclpsQ.  weathering  agents  In  this  area  con- 
sist of  dissolved  carbon  dioxide  and  oxygen  and  organic  acids.  Al- 
thou^  some  geologists  believe  that  the  lowest  level  of  the  water 
table  Is  the  lower  limit  of  normal  weathering  processes  (Penck,  1953, 
p.  61),  much  evidence  exists  to  the  contrary;  In  most  crystolllne-rock 
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areaa  In  the  Delaware  River  basin  the  zone  of  fluctuation  of  the 
Bjodem  water  table  is  well  above  the  base  of  the  weathered  zone. 

Ruxton  and  Berry  (1957>  P-  1275)  list  3 reasons  for  such  a seemingly 
anomaiDU-i  condition:  (l)  Deep  weathering  may  hs.ve  taken  place  be- 

fore an  integrated  circulation  of  water  was  established  In  the  rock; 

(2)  local  deepening  of  the  weathered  profile  may  occur  aljong  promin- 
ent fractured  zones;  and  (3)  the  level  of  the  water  table  may  be 
higher  now  than  at  the  time  the  lower  part  of  the  weathered  zone  was 
establi^ed.  In  any  case,  considerable  quantities  of  water  now  are 
stored  in  the  weathered  crystal  line  rocks  in  many  parts  of  the  Pied- 
mont pland  and  New  England  “pland,  and  water  released  from  groundr 
water  storage  sustains  the  hi^  base  flow  of  the  streams  in  those 
areas 

Fractures  are  caused  by  stresses  of  various  origins.  Deformation 
of  the  rocks  during  folding  and  fatilting  probably  caused  most  frac- 
tures in  the  crystalline  rocks  of  the  basin,  but  shriidtage  resulting 
from  cooling  of  igneous  rocks  caused  many  fractures,  particularly  in 
the  basalt  and  diabase . Depths  to  which  open  fractures  extend  are 
related  to  the  strength  and  brittleness  of  the  rock  type  as  well  as 
to  the  degree  of  deformation  it  has  undergone . As  a rule  open  frac- 
tures extend  to  greater  depths  in  the  hard  quartzitic  rocks  than  in 
the  softer,  less  brittle  rocks,  such  as  phylllte  and  highly  micaceous 
schist.  Records  of  drilled  wells  indicate  that  open  fractirres  do  not 
ordinarily  extend  beyond  a depth  of  about  300  feet,  and  that  yields 
of  wells  are  not  increased  appreciably  by  drilling  below  that  depth. 
However,  a few  wells  have  obtained  water  from  greater  depths,  prob- 
ably from  fractures  along  faults  or  in  shattered  pegmatite  dikes  and 
quartz  veins. 

The  porosity  of  the  fractured  fresh  crystalline  rock  is  consider- 
ably less  than  that  of  the  weathered  zone,  but  the  larger  size  of 
many  of  the  fracture  openings  permits  more  rapid  movement  of  water 
throu^  them.  The  occurrence  of  water  in  fractured  rock  is  much  more 
irregular  than  in  the  highly  weathered  rock,  owing  to  the  unequal 
distribution  of  fractures.  Atljacent  wells  commonly  tap  frau:ture  sys- 
tems that  lack  nearby  hydraulic  connection,  so  that  pung^lng  of  one 
well  may  not  affect  the  water  level  in  the  other,  at  least  Immediately. 
In  the  granular  material  in  the  weathered  zone  the  water  table  may  be 
the  uBvial  subdued  replica  of  the  topography,  but  in  a fracture  sys- 
tem, especially'  one  in  which  the  fractures  are  far  apart  and  not  inter- 
connected freely,  a true  water  table  ccnnnonly  is  absent,  and  water  will 
stand  at  different  levels  in  each  Itacture  or  set  of  frewitures.  At 
some  localities  water-bearing  fractures  may  be  separated  from  the 
water-bearing  weathered  zone  by  a zone  of  dry  unfractured  rock;  at 
other  places,  ledges  of  hard,  massive  rock  separate  water-bearing  zones 
in  the  weathered  material  (Warci,  I956).  Much  study  remains  to  be  done 
before  the  occiirrence  of  water  in  the  crystalline  rocks  in  the 
Delaware  Rl-'/er  basin  1o  well  \mderstood. 
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As  indicated  by  the  rather  limited  data  aTallable,  the  coefficient 
of  storage  of  the  crystalline  rocks  probably  ranges  from  about  0.009 
to  about  0.02 — In  the  low  range  of  values  for  unconflned  conditions 
(Greenman,  1955,  P*  6).  The  higher  values  probably  are  representative 
of  the  imconsolldated  granular  material  In  the  weathered  zone,  where- 
as the  lower  values  are  representative  of  the  fractured  fresh  rock. 

The  transBilBslbillty  and  average  permeability  of  these  rocks  also 
are  moderately  low  to  very  low,  as  indicated  by  the  reported  specific 
capacities  of  wells.  In  the  Piedmont  "’pland  of  northern  Delaware, 
Rasmussen  and  others  (1957,  p.  99)  reported  the  following  specific 
capeu^lties  of  wells  tapiplng  several  types  of  crystalline  rocks: 


Table  ?• — Specific  capacities  of  wells  In  crystalline  rocks  of 

northern  Delaware 


Typo  of  rock 

Specific  capacity  in  gpm 
per  foot  of  drawdown 

Humber 

of 

Mavlmiini 

Mlnlmvm 

Average 

wells 

Oranodiorlte  (igneous) 
Weathered  material 

3.2 

0.005 

2 

Hard  rock 

1.0 

.07 

0.3 

10 

Gabbro  (igneous) 

15 

.003 

1.6 

33 

Ifissahickon  formation 



.01 

.7 

7^^ 

From  these  hydraulic  characteristics  It  is  apparent  that  a typ- 
ical well  tapping  the  crystalline  rocks  will  exhibit  considerable 
drawdown  at  any  pumping  rate,  but  substantial  lowering  of  the  water 
table  will  not  extend  far  from  the  -rfell,  probably  no  more  than  a few 
hundred  feet  ordinarily,  unless  the  rate  of  pumping  is  high. 

Reported  yields  of  202  wells  tapping  crystalline  rocks  in  the 
basin  range  from  less  than  1 gpm  to  more  than  300  gpm  and  average 
about  50  gpm.  Except  for  the  basalt  and  diabase,  which  are  perhaps 
the  poorest  water -producers  in  the  basin  and  seldom  yield  more  than 
a few  gallons  per  minute  to  wells,  differences  in  productivity  among 
the  many  types  of  crystalline  rocks  seem  to  be  outweighed  by  local 
differences  within  each  type.  Detailed  studies  should  be  made  to  de- 
termine the  factors  that  affect  the  productivity  of  the  crystalline 
rocks . 

CARBOHATE  ROCKS 

The  carbonate  rocks,  as  herein  defined,  consist  of;  (l)  Lime- 
stone (calclimi  carbonate);  (2)  dolomite  (calcium-magnesium  carbonate; 
(?)  rocks  intermediate  in  composition  between  limestone  and  dolomite, 
sometimes  called  magnesian  limestones;  and  (4)  rocks  intermediate  be- 
tween limestone  or  dolomite  and  other  types,  in  which  the  carbonate 


content  is  substantial.  Included  also  is  marble,  a crystalline  car- 
bonate rock  which  resembles  the  noncrystalline  carbonate  rocks  in  its 
water-bearing  properties. 

The  carbonate  rocks  comprise  all  or  parts  of  several  geologic  or 
hydrologic  units  shown  on  plates  11  and  12  ind  listed  in  tables  1 and 
6.  In  order  of  decreasing  age  these  units  include:  Franklin  limestone 

( Precair.br ian) , C..ckeysville  marble  of  the  Glenarm  series  of  early 
Paleozoic  (?)  age,  carbonate  rocks  of  Cambrian  ani  Ordovician  age,  and 
carbo.iate  rocks  of  Silurian  and  Devonian  age.  These  rniits  are  des- 
cribed briefly  in  the  following  pages. 

Franklin  Limestone 

The  Franklin  limestone,  one  of  the  olaest  rocks  in  the  region 
(table  l),  typically  is  a white  or  gray  corase -grained  to  locally 
fine-grained  marble  or  dolomitic  marble  which  in  places  contains  con- 
siderable amounts  of  graphite  and  many  other  minerals.  The  Franklin 
limestone  is  most  abundant  just  east  of  the  Delaware  River  basin  in 
the  New  Jersey  Highland  of  the  New  England  province,  but  it  occurs 
also  at  scattered  localities  throughout  the  New  England  province  in 
the  basin  and  in  small  areas  in  the  Piedmont  (pis.  11  and  12).  The 
marble  is  associated  with  various  types  of  gneiss  and  related  crys- 
talline rocks  of  Precambrian  age. 


Cockeysville  Marble 


The  Cockeysville  marble  is  a massive  medium-  to  coarse-grained 
sugary  marble  which  in  places  grades  into  impin-e  schistose  marble 
and  limy  mica  schist . It  underlies  several  small  valleys  in  the 
southwestern  part  of  the  Piedmont  Dhland  where  it  characteristically 
is  covered  by  a thick  residual  deposit  of  clay. 

The  Cockeysville  marble  overlies  the  Setters  formation  and  is 
overlain  by  the  Wis.sahickon  formation.  All  three  formations  are  part 
of  the  Glenarm  series. 


Carbonate  Rocks  of  Cambrian  and  Ordovician 


'2m 


The  thickest  and  most  extensive  unit  composed  of  carbonate  rocks 
comprises  several  formations  of  Cambrian  and  Ordovician  age  which  are 
groujjed  herein  because  of  their  general  hydrologic  similarity  and  be- 
cause of  the  imcertalnty  of  their  correlation  from  one  area  to  an- 
other. The  formations  are  listed  in  tables  1 and  6 and  are  described 
briefly  in  table  1. 


75. 


i 


!Hie  Cambrian  and  Ordovician  carbonate  rocks  crop  out  chiefly  in 
the  southern,  lowland,  belt  of  the  Great  Valley,  but  they  occur  also 
in  Chester  Valley  in  the  Piedmont  t pland,  in  small  areaa  In  the 
TriMsic  l owland,  and  in  several  long,  narrow  valleys  in  the  Hew 
England  Upland  (pis.  xl,  and  12’  , 

Typically,  the  Cambrian  and  Ordovician  carbonate  rocks  consist 
of  a thick  sequence  of  limestone,  shale,  and  slate,  and,  in  the 
southern  part  of  the  Piedmont,  some  mica  schist  and  phyllite.  Itie 
limestone  and  dolomite  weather  to  a thick  residual  deposit  of  clay 
and  slit  and  form  lowlands  having  only  a few  outcrops,  whereas  the 
zones  containing  noncarbonate  rock  tytjes  form  low  ridges  and  hills. 

The  total  thickness  of  the  carbonate  rocks  of  Cambrian  and  Ordovi- 
cian age  ranges  widely  throtighout  the  basin,  but  it  Is  difficult  to 
ascertain  precise  thicknesses,  owing  to  the  intense  folding  and  fault- 
ing of  the  beds.  The  total  stratigraphic  thickness  of  the  unit  at  any 
one  locality  may  not  exceed  2,500  feet,  but  because  of  folding  and 
faulting  the  beds  may  extend  to  depths  of  6,000  feet  or  more. 

Carbonate  Rocks  of  Sll\nrlan  and  Devonian  Age 

The  carbonate  rocks  of  Silurian  and  Devonian  age  conqjrise  several 
relatively  thin  formations  which  aie  described  briefly  in  table  1. 

In  ascending  order  they  are  the  Decker,  Rondout,  Manlius, 

Coeymana,  New  Scotland,  Becraft,  and  Port  Ewen  limestones.  These  for- 
mations crop  out  in  a narrow  belt  across  the  Valley  and  Ridge  province 
a few  miles  north  of  the  Blue  Moimtain  ridge.  The  beds  dip  steeply 
to  the  north  and  are  within  reach  of  wells  in  only  a small  area  in  and 
near  the  outcrop. 

Fbr  the  most  part,  the  sequence  consists  of  light-gray  to  nearly 
black  limestone  and  dolomitlc  limestone,  and  smaller  amounts  of  llaij' 
sandstone  and  shale.  The  total  thickness  of  the  beds  probably  does 
not  exceed  800  feet  within  the  basin,  and  in  places  the  thickness  ;s 
much  less. 


Hydrologic  Properties  of  the  Carbonate  RimcKp 


The  carbonate  rocks  differ  from  the  ■ ither  eras'  ll  a 
having  a significant  quarllty  of  nolutt’nar;.---  enlarc*  \*> 
Water  percolating  downweu-..'  from  the  soi’ 

dissolved  carbon  dioxide  and  organ':  a>'lds  wbi  ® «» 

solution  that  is  capable  of  dissolving  'srb.j.:tai»  '■  fc® 
generally  starts  along  pre-existing  fra  tixr»s 
enlarges  them  to  form  a netw:rk  *’  os.  re  r <«»  ••• 

nels.  Some  such  ''hannele  are  -nlar.e  • = = » 

caverns,  and  In  time  a llme?rt,,ne  5sjh,  « 
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and  the  land  curface  pitted  with  sink  holes;  part  of  the  drainage  is 
on  the  land  surface  and  the  rest  takes  place  through  these  underground 
solution  channels. 

The  distribution  of  solution  openings  in  most  carbonate  rocks  is 
extremely  irregular  and  is  difficult  to  predict  in  advance  of  drilling. 
In  some  of  these  rocks,  particularly  those  that  are  sandy  or  shaly  and 
contain  less  calcivim  carbonate,  solution  openings  may  be  virtually  ab- 
sent, and  all  the  water  may  occxir  in  ordinary  fracture  openings  simi- 
lar to  those  in  unweathered  crystalline  rocks.  Vfhere  the  fractures 
are  tightly  closed,  as  in  seme  of  the  Jacksonbxirg  limestone  of  Middle 
Ordovician  e.ge,  little  or  no  water  may  be  yielded  to  wells.  In  the 
Delaware  River  basin  the  most  abundant  fracture  and  solution  openings 
are  between  depths  of  about  50  to  3OO  feet,  although  some  wells  have 
encountered  large  openings  at  depths  of  more  than  1,000  feet.  Openings 
also  seem  to  be  more  abundant  in  the  vicinity  of  surface  streams. 

V 

Overlying  the  fresh  carbonate  rocks  at  most  places  is  a weathered 
zone  commonly  as  much  as  50  feet  thick,  composed  of  residual  clay, 
silt,  and  some  sand.  Owing  to  its  considerable  clay  content,  this 
material  generally  has  rather  low  permeability  and  specific  yield, 
and  it  does  not  ordinarily  yield  much  water  to  wells.  However,  at 
some  localities,  such  as  in  the  outcrop  of  the  Cockeysvllle  marble 
in  the  Piedmont  where  the  weathered  zone  averages  more  than  80  feet 
in  thickness,  the  few  available  data  suggest  that  the  yields  from 
the  weathered  material  may  exceed  those  from  the  underlying  fresh  rock 
where  the  fresh  rock  contains  relatively  few  solution  openings 
(Rasmussen  and  others,  1957 > p.  102). 

Groxmd  water  in  the  carbonate  rocks  occurs  under  unconfined  to 
rather  completely  confined  conditions.  Unconfined  or  semiconfined 
conditions  prevail  in  the  weathered  zone  and  in  the  immediately  under- 
lying freu:tured  rock.  The  deeper  fractures  and  solution  channels 
contain  semiconfined  to  confined  water  and  may,  in  some  places, 
transmit  water  many  miles  from  intake  areas  to  discharge  areas. 

Solution  channels  usually  are  more  abundant  near  streams,  and 
at  many  places  surface  drainage  is  controlled  by  the  distribution 
of  the  subsurface  openings.  Stream  valleys  and  other  relatively  low 
areas  are  therefore  favorable  sites  for  wells. 

Streamflow  in  eureas  underlain  by  carbonate  rocks  is  unusually 
steady  and  Includes  a high  proportion  of  base  flow— chiefly  ground- 
water  discharge.  Water  budgets  are  particularly  difficult  to  esti- 
mate for  drainage  basins  in  carbonate-rock  terrane,  because  much  of 
the  water  that  moves  through  the  networks  of  solution  channels  may 
enter  drainage  basins  underground  from  adjacent  basins  or  may  leave 
the  basins  as  unmeasured  ground-water  outflow. 
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Datallad  data  on  hydraulic  coefflcianta  of  carbouat«-rock  aqulfera 
of  thla  region  are  lacking.  However,  fro*  obaerrad  behavior  of  ptaped 
wells  tS3n>lBg  the  artesian  zone,  and  the  effects  of  the  poqplng  on 
adjacent  wells,  it  may  be  conclmled  that  a dmellne  of  artesian  pres- 
sure as  an  effect  of  puaplng  generally  Is  tranaialtted  rapidly  to  some 
distant  points  but  seldcn  is  transBd.tted  equally  In  cdl  directions. 

In  fact,  nearby  walls  may  tqp  different  systems  of  rock  openings,  in 
which  case  the  p\aiplag  of  one  well  will  not  appreciably  affect  the 
water  level  in  the  adjausent  well,  at  leaat  Ijaaedlately. 

The  transmlsslblUty  and  average  penaeablUty  of  many  carbonate- 
rock  aquifers  appears  to  be  high,  as  Indicated  by  reported  yields  of 
several  hundred  gallons  per  minute  with  ptatplng  drawdowns  of  less 
than  20  feet,  fteall  yields  with  large  drawdowns  are  not  unccnaaon, 
however,  which  suggests  great  variability  in  the  aquifers.  In  the 
fresh  rock,  coefficients  of  storage  probably  are  In  the  order  of 
0.0001  to  0.001  (Barksdale,  Oreenmon ,Lang , amd  others,  1958);  in  the 
weathered  zone  near  the  land  surface,  idiere  water-table  conditions 
prevail,  the  storage  coefficients  may  be  In  the  order  of  0.01  to  0.10. 

Although  successful  wells  in  the  carbonate  rocks  yield  larger 
supplies  than  wells  In  any  other  type  of  consolidated-rock  aquifers, 
unsuccessful  wells  or  wells  having  disappointingly  low  yields  are 
not  uncosnon.  In  some  areas,  pazrtlcalarly  where  noncarbonate  rock 
types  are  abundant  $moog  the  carbonate  rocks,  yields  of  wells  average 
less  than  29  gpm,  and  the  dgllllng  of  two  or  more  test  wells  may  be 
required  to  obtain  a successful  supply  well.  At  other  localities, 
especially  in  the  stream  valleys,  although  test  wells  may  still  be 
needed,  well  yields  exceeding  5^  gjn  have  beam  obtalne<l,  and  yields 
of  as  much  as  1,500  gpm  are  reported. 

In  the  Pennsylvania  part  of  the  Delaware  River  basin,  reported 
yields  of  127  wells  In  carbonate  recks  range  from  V to  a3^ut  1,500 
gpm  and  average  nearly  200  gpm.  Modern  drilled  wells  300-500  feet 
deep  In  the  relatively  pure  carbonate  rocks  may  be  e3q>ected  to  yield 
about  50-500  gpm,  but  wells  in  formations,  such  as  the  Jacksonburg 
Umestone,  that  contain  considerable  amounts  of  lioncarbonate  rocks 
are  generakUy  incapable  of  producing  more  than  dceiestlc  or  mnall- 
scale  fazm  supplies. 


CLASTIC  ROCKS 

Consolidated  clastic  rjcks  consist  chiefly  of  frag- 

aients  of  rocks  or  minerals  which  ha</e  been  derived  from  the  disinte- 
gration of  older  rocks,  transported  to  the  site  of  deposition,  and 
cemented  or  otherwise  consolidated  there.  In  the  Delaware  Rlvwr 
basin  area  these  rocks  represent  both  marine  and  nonmarlne  deposl- 
tlonal  envl romnents . but  with  a few  local  exceptions  all  the  rocks 
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now  contain  fresh  water  at  depths  ordinarily  penetrated  by  wells.  Hie 
clastic  rocks  are  the  most  extensive  aquifers  In  the  Appeilacblan  Hl^- 
lands;  they  underlie  most  of  the  Valley  and  Ridge  province  and  the 
Trlasslc  Lowland,  and  all  the  Appalachian  Plateaus. 

All  the  principal  types  of  clastic  rocks,  ranging  In  texture  from 
fine-grained  shale  In  which  the  grains  are  microscopic  in  size  to 
conglomerate  containing  boulders  as  much  as  several  feet  in  diameter, 
are  represented  In  the  basin.  On  the  basis  of  both  their  age,  as  de- 
termined from  fossil  content  and  less  direct  lines  of  evidence,  and 
their  physical  character,  or  lithology,  the  clastic  rocks  have  been 
subdivided  into  numerous  geologic  formations.  These  are  described 
briefly  In  table  1 and  listed  also  In  table  6.  The  general  character- 
istics of  these  rocks  In  each  of  the  three  major  areas  where  they  oc- 
cur are  discussed  In  the  following  pages.  More  detailed  descriptions 
of  the  Indlvtdml  formations  are  given  by  Hall  (l93*^)  and  Lobman  (1937). 

Rocks  of  the  Valley  and  Ridge  Province 

Except  for  parts  of  the  Great  Valley  and  a narrow  belt  several 
miles  north  of  Blue  Mountain  which  are  underlain  by  carbonate  rocks, 

^ the  Valley  and  Ridge  province  Is  imderlaln  by  clastic  rocks. 

Hie  oldest  clastic  formation  exposed  in  the  Valley  and  Ridge 
province  Is  the  I'lartlnsburg  shale  of  Ordovician  age.  Lying  on  the 
eroded  surface  of  the  Martlnsburg  shale  Is  the  Shawangunk  conglomer- 
ate of  Silurian  age,  which  dips  moderately  to  steeply  northward  and 
forms  the  Blue  Mountain  ridge. 

From  the  Shawangunk  conglomerate  upward,  the  fonnatlons  of  Silur- 
ian to  Pennsylvanian  age  are  folded  into  a series  of  anticlines  euid 
synclines  and  are  cut  by  numerous  faults.  A large  volume  of  the 
originally  deposited  material  has  been  removed  by  erosion  since  the 
end  of  the  Paleozoic  era  (table  l),  so  that  only  the  "roots"  of  the 
anticlines  jmd  synclines  remain.  The  harder  beds  of  sandstone  and 
conglomerate  form  ridges  rising  to  altitudes  of  as  much  as  2,000  feet 
above  sea  level;  the  softer  beds  of  shale  and  some  limestone  form  the 
Intervening  valleys. 

The  clastic  rocks  of  the  Valley  and  Ridge  province  Include  con- 
glomerate, sandstone,  slltstone,  claystone,  shale,  and  slate  which 
occur  In  alternating  bed  or  zones  of  variable  thickness  and  extent, 
ftost  of  the  thicker  beds  or  sequences  of  beds  can  be 
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Idaatlflftd  oTtr  large  areas  and  font  ouqppable  imlta^  or  geologic  for- 
■atlona.  iOM  formations  have  a distinctive  character  and  are  com- 
posed predoadjiantlor  of  one  rock  type.  Hovever,  most  of  the  thicker 
fozvatlons  are  more  or  less  heterogeneous  and  contain  mnsrons  alter- 
nating IsQrers  of  different  rock  types,  each  having  distinctive  hydro- 
logic  properties.  Ae  formations  are  described  briefly  In  table  I. 

Nartlnsburg  Shale 

Ihe  most  extensive  formation  In  the  Talley  and  Bldge  province  Is 
the  Martlnsburg  shale,  ehlch  \mderlles  the  northern  part  of  the  Oreat 
Talley  In  a belt  6-13  miles  vide  extending  east-northeasterly  across 
the  basin.  It  occurs  also  farther  south  In  several  long,  narrov  belts 
bounded  by  the  carbonate  rocks  of  Cambrian  and  Ordovician  age.  Sie 
Martlnsburg  consists  largely  of  gray  shale  which  In  many  places  Is 
metaoaoriAiosed  slightly  to  form  slate,  but  It  also  Includes  sandstone, 
particularly  In  the  upper  part,  and  some  conglomerate. 

In  an  extensive  area  between  the  Delaware  and  Schuylkill  Rivers 
thick  zones  of  slate  of  casmierclal  quality  are  mined  for  roofing 
material  and  other  iises.  In  the  slate  the  bedding  of  the  original 
shale  has  been  obscured  by  metamorphlam,  and  Instead,  a prominent 
cleavage,  usually  at  a considerable  angle  to  the  bedding.  Is  de- 
veloped. 

The  most  widely  accepted  value  for  the  maxlmun  thickness  of  the 
Nartlnebmrg  shale  In  the  basin  Is  about  4,000  feet;  however,  Behre 
(1933),  using  a different  interpretation  of  the  geologic  structure, 
estimated  a maxlmvan  thickness  of  nearly  12,000  feet. 


j Althoufdi  the  shale  and  slate  have  little  or  no  effective  inter- 

I granular  porosity,  small  but  dependable  supplies  of  water  are  yielded 

I from  fractures  In  these  flne-gradned  rocks.  The  sandstone  beds  in 

i the  weathered  zone  contain  some  water  In  the  Intergranular  pores 

I where  the  cementing  material  has  been  leached  out,  and  these  beds 

I generally  are  more  permeable  than  the  shale  and  slate.  Most  water 

yielded  to  wells  In  the  Martlnsburg  shale  Is  from  depths  of  less 
than  200  feet,  and  It  Is  seldoei  profitable  to  prospect  beyond  that 
I depth.  Most  drilled  wells  yield  less  than  30  gpa,  but  a few  yield 

I 50-250  gpm. 

^ ^ The  oiitcrop  of  the  Martlnsburg  sheQe  is  a dissected  upland  In 

which  the  bottoms  of  the  narrow,  steep-sided  stream  valleys  lie  as 
much  as  500  feet  below  the  broad  Interstream  areas.  The  soils  com- 
monly are  less  than  a foot  thick  and  have  relatively  low  Infiltration 
cig>aclty  and  storage  capacity,  in  the  underlying  rock  Is  maall;  hence. 
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a relatlrely  large  proportion  of  the  precipitation  runs  off  as  OTerr 
flov.  In  the  glaciated  area  to  'the  northeast,  hoveTsr,  a untie 
of  glacial  deposits  acts  as  a aore  pemeahle  Intake,  and  streenflov 
probably  la  less  flashy  there. 

Congloaerate  and  Saxidstone  Aquifers 

nie  beds  of  conglomerate  and  coarse-grained  sandstone  are  sore 
resistant  to  erosion  than  the  adjacent  shale  and  thln-bedded  sand- 
stone, therefore  they  form  prominent  rocky  ridges,  the  thickest  and 
coarsest  beds  are  those  In  the  ffhawangiink  conglomerate,  the  Qrlskany 
sandstone,  the  Pocono  fonnatlon,  and  the  PottavlUe  formation 
(table  l).  Althou^  these  fozmatlona  are  not  tapped  by  many  vails, 
'^ey  very  likely  are  the  most  permeable  bedrock  aquifers  In  the 
Yalley  and  Ridge  province. 

Water  occurs  both  In  the  fairly  abundant  flractures  In  the  brittle 
qxiartzltlc  sandstone  and  conglomerate,  and  In  the  Intergranular  voids 
In  the  rocks  of  the  weathered  zone  where  the  ceuntlng  uterlal  has 
been  dissolved.  Less  permeable  beds  of  sandstone  or  shale  locally 
confine  water,  and  flowing  wells  have  been  developed  at  several  lo- 
ceQ.ltles. 

Data  on  hydraulic  coefficients  of  the  conglomerate  and  sandstone 
aquifers  are  not  available;  however,  the  physical  characteristics  of 
these  rocks  and  the  behavior  of  wells  tapping  them  Indicate  that 
modem  drilled  wells  more  than  100  feet  deep  al^t  be  expected  to 
yield  about  50-300  gpm.  Lohman  (1937)  reported  that  In  Schuylkill 
County,  Pa.,  several  public-supply  wells  ranging  In  depth  fjrom  3^ 
to  1,000  feet  In  the  Pottsvllle  formation  yielded  65  to  more  than 
125  SFB.  However,  he  reported  also  that  several  deep  wells  had  been 
unsuccessful  in  that  area,  owing  to  the  absence  of  fractures  In  the 
rock  penetrated. 

Because  of  their  firmly  cemented  character  and  very  hi^  content 
of  quartz,  the  ffesh  conglcmerate  and  sandstone  are  difficult  and 
costly  to  drill.  Moreover,  the  yields  of  wells  In  these  rocks  do  not 
always  Increase  with  depth.  There  1«  always  a risk  Involved  In  drill- 
ing for  water  in  these  rocks,  and  the  deeper  the  drilling  proceeds  the 
less  chance  of  getting  large  sapplles  becomes. 

Interbedded  Sandatone  and  Shale  Aquifers 

Several  formations  in  the  Valley  and  Ridge  province 

consist  not  predominantly  of  one  rock  type,  but,  instecul,  of 
alLei-natiHfj  layer  of  coarse  - to  ftne-grelned  sandstone,  shale,  silt- 
stone,  cla/c-tone,  and  some  conglomerate.  In  oa^ler  of  decreasl^  age 
these  foriimitlons  include:  (1)  the  Bloamsburg  red  beds  -a  sequence  of 
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red  and  green  shale,  sandstone,  and  some  conglomerate  which  Is  largely 
of  nonmarine  origin;  (2)  the  Mahantango  formation  of  Willard  (1935)"- 
mostly  beds  of  gray  flaggy  sandstone  and  shale  of  marine  origin;  (3) 
the  Portage  groiip,  as  used  in  Pennsylvanie^- several  formations  consist- 
ing of  thin-bedded  to  thick-bedded  sandstone  and  sandy  shale  of  marine 
origin  which  form  broad  ridges  having  moderate  relief;  (4)  the  Catskill 
formation— a thick  sequence  of  red,  brown,  gray,  and  green  somewhat 
lenticular  beds  of  sandstone,  shale,  and  conglomerate  of  nonmarine  or- 
igin which  also  underlies  nearly  all  the  Appalachian  Plateaus  provin'ce; 
(5)  the  Mauch  Chunk  formation  consisting  of  red  and  green  shale  and 
sandstone  with  some  conglomerate  in  the  upper  part;  (6)  the  Allegheny 
formation— the  coal-bearing  sequence  containing  irregular  beds  that 
range  from  shale  and  fire  clay  to  coarse-grained  sandstone  and  con- 
glomerate . 

It  is  difficult  to  generalize  about  the  hydrologic  properties  of 
such  a heterogeneous  class  of  rocks.  However,  the  beds  of  sandstone 
generally  seem  to  be  somewhat  more  permeable  than  the  beds  of  shale. 

In  weathered  sandstone  some  water  occ\rrs  in  intergranular  pores  as 
well  as  in  fractxrres,  but  water  in  the  shale  is  contained  almost  en- 
tirely in  fractures,  many  of  which  are  eQ.ong  the  bedding  planes. 
Artesian  conditions,  \rtilch  are  common,  are  caused  by  the  dipping 
beds  of  quite  different  permeability.  Water-table  conditions  gener- 
ally occur  in  the  weathered  rock  near  the  land  surface. 

Reported  yields  of  wells  in  the  interbedded  sandstone  and  con- 
glomerate aquifers  have  a great  range.  Some  beds  of  shale  yield  only 
a few  gal  Tons  per  minute  to  wells,  whereas  wells  tapping  some  beds  of 
coarse-^grained  sandstone  yield  more  than  I50  gpm,  and  several  deep 
wells  are  reported  to  yield  more  than  300  gpm. 

Because  it  underlies  valleys  that  contain  Important  centers  of 
popvilation,  the  Mauch  Chunk  formation  is  a particularly  inqjortant 
source  of  water  supplies,  even  though  much  of  the  formation  is  com- 
posed of  shale.  It  receives  ample  recharge  from  adjacent  ridges,  ow- 
ing to  its  low  topographic  position.  Reported  yields  of  100  wells  in 
the  Mauch  Chunk  range  from  less  than  1 to  375  gp®  and  average  about 
50  gpm.  However,  the  average  yield,  which  is  affected  by  the  values 
for  many  small  domestic  wells,  is  too  low  to  be  presentative  of  yields 
that  might  be  expected  from  deep  drilled  wells  used  for  munlcipe^.  and 
industrial  supply. 

In  Schuylkill  and  Carbon  Counties,  Pa.,  where  the  Mauch  Chunk 
formation  is  the  most  Important  source  of  ground-water  stpply,  lohman 
(1937)  reported  that  many  municipal  and  Industrial  veils  yielded  more 
than  100  gpm,  and  that  a well  in  Schuylkill  County,  4^2  feet  deep, 
yielded  350  gpm  with  a drawdown  of  217  f««t — a specific  capacity  of 
1.6  gpm  per  foot  of  drawdown.  Assuming  that  the  drawdown  caused  by 
entrance  losses  in  the  well  was  small  and  that  the  aquifer  is  artesian. 
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the  coefficient  of  transmissibility  probably  is  in  the  order  of 
3,000-4,000  gpd  per  foot. 

Because  of  its  location  in  the  coal  basins,  the  Allegheny  forma- 
tion offers  a special  case.  Coal-mining  operations  have  extensively 
dewatered  parts  of  the  formation,  and  in  many  places  the  mining  oper- 
ations have  resulted  in  the  formation  of  acid  waters  high  in  sulfate 
content,  thus  making  the  water  at  or  near  the  mines  unsuitable  for 
most  uses.  Usable  supplies  of  groimd  water  may  be  obtained  in  the 
Allegheny  formation  in  areas  remote  from  mines,  however. 

Shale  Aquifers 

Three  formations  in  the  Valley  and  Ridge  province,  the  Wills 
Creek  shale,  the  Esopus  shale,  and  the  Marcellus  shale,  are  comp«sed 
of  shale,  siltstone,  or  claystone. 

The  Wills  Creek  shale,  which  generaJLLy  is  given  the  local  name 
Poxono  Island  shale  (of  White,  1882),  occiirs  in  a narrow  band  just 
north  of  Blue  Mountain  where  it  is  l^gely  covered  by  glacisQ.  deposits 
and  is  not  tapped  by  many  wells.  Little  is  known  about  its  water- 
bearing characteristics. 

The  Marcellus  shale  and  the  Esopus  shale,  which  are  separated  by 
the  Onondaga  limestone,  are  largely  dark  sandy  shsQ-e  or  siltstone 
(pi.  2)  and  both  contain  hard  slaty  beds.  These  rocks  are  relatively 
impermeable,  and  the  small  amount  of  water  they  contain  occurs  almost 
entirely  in  fractvures.  In  many  localities  the  fractures  are  so  tightly 
closed  or  so  scarce  that  little  or  no  water  is  yielded  to  wells.  How- 
ever, some  wells  in  the  more  highly  fractured  rock  yield  as  much  as 
25  gpm. 


Rocks  of  the  Appalachian  Plateaus  Province 

The  Appalachian  Plateaus  province,  which  occupies  a third  of  the 
total  area  of  the  Delaware  River  basin,  is  underlain  almost  entirely 
by  a sequence  of  sandstone,  shale,  and  some  conglomerate  predominantly 
of  nonmarine  origin.  This  sequence,  which  in  places  is  more  than 
6,000  feet  thick,  has  been  called  the  CatskiU  formation.  The  Catskill 
formation  has  been  divided  into  several  smaller  units  which  are  listed 
in  table  6.  Toward  the  west  and  southwest  the  nonmarine  beds  inter- 
tongue with  marine  formations  of  the  Portage  group  (as  used  in  Pennsyl- 
vania) and  the  upper  part  of  the  Hamilton  group.  The  younger  Pocono 
formation  crops  out  on  the  west  and  southwest  flanks  of  the  plateaus 
and  when  detailed  mapping  is  completed  may  be  found  to  cover  a larger 
part  of  the  plateaus  themselves  than  the  area  shown  on  plate  12.  How- 
ever, the  question  as  to  the  presence  or  absence  of  the  Pocono  forma- 
tion on  the  plateau  is  of  little  or  no  hydrologic  iznportance  because 
of  the  similarity  of  the  Pocono  to  the  immediately  londerlying  part  of 
the  Catskill  formation. 
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OESlAVAiL/iBIc  COPY 


In  contract  to  the  folded  bed#  In  the  Talley  and  Ridge  province, 
the  beds  underlying  Boat  of  the  Appalachian  Plateaus  prorlnce  are 
either  nearly  flat  lying  or  very  gaxitly  folded.  They  consist  largely 
of  red,  brovn,  gray,  and  green  sandstone,  dule  and  sons  conglonerate . 
Seda  of  hcaK>goneous  naterlal  range  In  thlekaess  trcm  a fraction  of 
an  inch  to  sereral  tens  of  feet.  The  foUovlag  log  of  a test  boring 
typifies  the  character  of  th>s  beds: 


Veil  Srllh,  lev  York  City  Board  of  Vater  Supply,  test  boring  for 


shaft  on  line  of  Bast  Dslsvaro  Tunnel,  near  Beverslnk  BlTsr,  about  4 
Bllsa  aatthaast  of  Tmiiwiin,  SuUlTan  County.  Altitude  of  land 
surface  1,<12  feet.  (Coeplled  fron  drlUer'a  1m). 


Thickness 

(feet) 

Depth 

(feet) 

TUI 

13 

13 

Shale,  rad 

5 

18 

Sandstone,  red 

2 

20 

Sandstone,  gray. 

25 

45 

Conglcnerate,  gray,  shite  q,uartz  pebblai 

5 

50 

Sandstone,  gray 

15 

65 

Shale,  gray 

1 

66 

Sandstone,  gray 

4 

70 

Shale,  red  and  gray 

2 

72 

Sandstone,  gray 

62 

134 

Shale,  red  and  gray 

3 

137 

Sandstone,  gray 

27 

164 

Shale,  sandy,  giay 

8 

172 

Sandstone,  gray 

9 

l8l 

Shale,  gray 

2 

183 

Sandstone,  gray 

13 

196 

Shale,  red 

22 

218 

Sandstone,  gray,  trace  of  coal  at  237' 

29 

247 

Shale,  red,  gray,  none  sandy  shale 

6l 

308 

Sandstone,  gray,  and  red,  shale  streaks 

23 

331 

Shale,  sai^,  red 

12 

343 

Sandstone,  gray 

20 

• 363 

Conglonerate,  gray,  acne  sandstone  and 

61 

424 

Sandstone,  gray,  sons  shale, In  thlsatxat 

162 

586 

Shale,  sandy,  red 

7 

593 

Sandstone,  gray,  sons  shale 

73 

666 

Shale,  sandy,  red 

29 

695 

Sandstone,  gray,  vein  of  calclte,  0.4 

foot  thick,  at  731  feet 

• 43 

738 

Shale,  sandy,  red  and  green 

5 

743 

Host  of  th«  bed*  *r*  cut  bjr  coiiQ>aratiT*lor  nooth,  regular  plane* 
of  fracture  (jolat*)  vhlch  eiTinly  con*l*t  of  three  autually  per- 
pendicular *et*y  one  uf  vhlch  1*  parallel  to  the  bedding.  Joint*  at 
obUfoe  angle*  to  the  bedding  are  not  iirii  i—nn,  hovarer.  Th**e  Joint* 
greatly  facilitated  "quarrying"  of  the  rock  by  the  glacial  Ice  that 
acoured  no*t  of  the  area  aereral  tliM*  during  the  Plalatoeena  epoch. 
Tablelike  vurfacee,  bounded  by  nearly  Tertlcal  cliff*  a*  such  a* 
aereral  ten*  of  feet  In  hel^t^  hare  reaulted  frcs  such  quarrying 
action  at  aaay  place*. 

Moat  of  the  conaolldated  rock*  In  the  plateau*  are  eorered  by 
laclal  depoalt*  of  varying  thlcknea*.  Theae  eonalat  largely  of  till 
ut  Include  acattered  bodle*  of  out— *h , aome  of  ehleh  are  of  con- 
srable  alM  (pi.  1^).  Where  permeable,  theae  depoalt*,  eapeclally 
on*  outvaah,  abaorb  much  of  the  precipitation  and  tran— It  aaaa  of  It 
to  the  underlying  bedrock;  hoverer,  a large  part  of  the  till  1*  rel- 
atively laqpexmeable  and  doe*  not  allov  much  recharge  to  the  underlying 
hard-rock  aquifer*.  The  *jq;>o*ure*  of  bedrock,  vhlch  probably  cover 
lea*  10  percent  of  the  area  of  the  p^nteaua,  are  character Ixed 

by  nunerou*  outcrop*  of  rock  and  generally  thin  atony  aolla;  the** 
condition*  reault  In  rather  lov  infiltration  ciq>aclty. 

The  bed*  In  the  CataklU  formation  underlying  the  plateau*  are 
moderately  good  to  poor  aquifers.  Large  variation*  ^In  yield  of  veil* 
occur  vlthln  abort  diatances,  both  vertically  and  horizontally.  For 
ezanq>le,  dry  hole*  a*  much  a*  400  feet  deep  have  been  reported  In  area* 
vhere  *ucce#*ful  veil*  are  typical.  Also,  much  deeper  veil*  have  been 
abandoned  ovlng  to  great  depth*  to  vater,  to  Inaufflclent  yield*,  or 
to  poor  chemical  quality  of  vater.  In  general,  the  bed*  of  aandatone 
are  more  peivwable  than  the  b^e  of  ahale;  however,  aoam  of  the  aand- 
atone 1*  *o  completely  cement^  and  lacki^  in  firacture*  that  It 
yield*  little  or  no  vater. 

Exceptional  yield*  are  obtainable  in  scattered  large  fracture 
system*,  generally  along  faults  or  unue\ially  large  Joint*.  Fluhr 
^953)  reported  that  flow*  of  a*  much  a*  6o0  gpm  were  encountered  in 
such  tone*  at  depth*  of  a*  much  m 1,700  feet  below  the  land  surface 
during  the  construction  of  water-supply  tunnel*.  tunnel*  were 

almost  ccnqplstely  dry  elaevhere,  however. 

Becord*  of  371  well*  in  the  Appalachian  Plateau*  in  the  Delaware 
River  basin  ihov  range*  In  depth  from  3 to  $60  feet,  moat  veil*  being 
100-300  feet  deep.  Reported  vater  level*  rang*  from  11  feet  above 
the  land  surface — flowing  artesian  veil*  are  'not  rninvarm— to  3kO 
feet  below.  Yield*  of  well*  range  trcm  0 to  600  gpei  and  average  more 
than  2^  gpe;  specific  capacities  range  from  lea*  than  0.2  to  about 
4 gpm ‘per  foot  of  drawdown.  Spring*  are  numerous  azid  are  used  a* 
source*  of  siqply  at  many  places. 
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Rockjt  of  the  Trlaaslc  Lovl»»v^ 

■nie  Trlaaslc  Lowland,  a broad  belt  9-32  miles  wide  extending 
across  the  southern  part  of  the  Appalachian  Hl^ilands,  is  underlain 
chiefly  rocks  that  belong  to  the  Hewark  groi:^ 

of  Trlasslc  age  (th'ble  l).  '^ne  clastic  rooks  are  In- 

truded by  sills  and  di)i«f  of  diabase,  eaet  of  the  basin  In  Hew 
Jersey  they  contain  also  several  flows  of  basalt.  The  bascat  and 
dlabMe  are  discussed  In  the  section  on  crystalline  rocks. 

Most  of  the  sedimentary  rpaks  are  of  nonmarine  origin  eind  are 
believed  to  have  been  deposited  under  semlarld  conditions  In  a 
northeast-trendlns?  basin  having  a somewhat  greater  extent  than  the 
present  Trlasslc  Lowland  (Johnson  and  McLau^ln,  1957,  p.  36). 

The  rocks  are  a thick  sequence  of  shale,  sandstone,  argillite,  and 
i conglonerate  which  lies  on  the  eix>ded  surface  of  the  much  older  rocks 

I of  Precambrlan  and  Paleozoic  age  (pi.  13)  from  which  the  materials 

were  In  large  part  derived. 

( The  beds  are  tilted  to  the  northwest  In  most  of  the  region, 

j althou^  locally  they  dip  in  other  directions  where  they  are  warped 

; into  broeid  folds,  particularly  in  the  vicinity  of  the  masses  of 

I diabase.  At  most  places  the  dips  are  less  than  20  degrees,  although 

‘ adjacent  to  some  of  the  large  faults  along  the  northwest  border  of 

■ the  Lowland,  dips  are  as  much  as  50  degrees.  The  maximum  thickness 

of  the  Hewark  group  In  the  Delaware  River  basin  is  about  12,000  feet 
1 along  the  Delaware  River  (Johnson  and  McLaughlin,  1957,  p.  32). 

The  Hewark  group  has  been  divided  Into  three  formations,  each 
I having  more  or  less  distinctive  types  of  rock  (Kunmel,  I897).  From 

. oldest  to  youngest,  they  are  the  Stockton  formation,  which  Is  char- 

i acterlzed  by  prominent  beds  of  light  sandstone  high  In  feldspar  con- 

I tent  (arkose);  the  Lockatong  formation,  which  Is  chiefly  argillite 

and  hard  shale,  and  the  Brunswick  formation,  which  is  a thick,  mo- 
notonous sequence  of  red  shale  amd  sandstone.  A fo\irth  unit,  commonly 
grouped  with  the  Brunswick  formation,  consists  of  lenticular  beds  of 

, conglomerate  and  coarse-grained  sandstone.  Unlike  most  of  the  forma- 

! tlons  of  the  Delaware  River  basin  these  formations  are  not  clearly 

' defined  time  units  but  Instead  are  units  representing  changing  con- 

ditions of  deposition  both  in  place  and  In  time.  In  general,  however, 

I the  Stockton  formation  Is  the  oldest  unit  and  the  Brunswick  Is  the 

• youngest.  The  Lockatong  formation  represents  a swamp  sind  leUce  de- 

posit near  the  center  of  the  ancient  Trlasslc  basin,  sind  Inter- 
I tongues  with  the  lower  part  of  the  Brunswick  formation  In  a wide  area, 

largely  In  Bucks  Coianty,  Pa.  The  extent  of  the  formations  Is  shown 
: on  plates  11  and  12  and  their  relations  In  cross  section  are  shown 

on  plate  13.  Their  physical  and  hydrologic  properties  are  described 
briefly  in  table  1 and  in  somewhat  more  detail  In  the  following 
sections. 
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Stockton  For»ation 

The  Stockton  formation  crops  out  In  two  prlnclpsil  belts,  one 
in  the  southern  and  one  In  the  central  part  of  the  Trlasslc  Lovland, 
and  also  In  two  smaller  areas — one  mostly  outside  the  Delaware  RlTer 
basin  and  between  the  two  principal  belts,  the  other  edong  the  Hud- 
son Rlrer  at  the  eastern  margin  of  the  Trlasslc  lowland.  In  north- 
eastern Hew  Jersey  (pis.  11  and  12).  The  Stockton  oTerlles  the 
eroded  edges  of  rocks  of  Precambrian  to  Ordovician  age  and  Is  In  turn 
OTsrlaln  by  the  Lockatong  formation  or  by  the  Brunswick  formation 
where  the  Lockatong  Is  absent.  The  thickness  of  the  Stockton  ranges 
frosi  about  1,000  to  3,000  feet  In  the  southern  belt  and  reMhes  a 
maxlsnsi  of  about  000  feet  In  the  central  belt. 

The  most  distinctive  rock  In  the  Stockton  formation  Is  a light 
gray  or  light  yellow  medium-  to  coarse-grained  sandstone  (an  auicose) 
that  contains  much  feldspar  and  some  mica.  Other  types  Inclvde  con- 
glomerate, fine-grained  red  or  brown  sandstone,  emd  soft  red  shale. 
Sandstone  and  conglomerate  generally  are  more  abundant  in  the  lower 
part  of  the  formation  than  In  the  ripper  part.  Individual  beds  are 
not  extensive,  although  some  of  the  thicker  zones  or  sequences  of 
beds  extend  for  many  miles.  The  rock  materleils  appear  to  have  been 
derived  In  large  part  from  the  crystalline  rocks  to  the  south  and 
apparently  were  deposited  In  a nonmarine  environment. 

The  beds  of  arkose  and  conglomerate  fotm  low  ridges;  the  softer 
beds  of  red  shale  and  sandstone  form  the  Intervening  valleys.  The 
soils  formed  on  these  rocks  are  nearly  as  variable  as  the  rocks  them- 
selves; in  general  the  soils  are  thickest  and  most  permeable  on  the 
coarse-grained  arkose  and  conglomerate  and  thinnest  on  the  red  shale 
where  In  places  they  are  only  a few  Inches  thick. 

The  Stockton  formation  is  one  of  the  most  productive  of  the  con- 
solidated aquifers  In  the  Delaware  River  basin  and  adjacent  New  Jersey 
ahd  has  perhaps  the  highest  average  permeability  of  any  of  the  clastic- 
rock  formations.  Most  of  the  water  In  the  Stockton  occurs 
under  confined  or  semlconflned  conditions  In  the  weathered  and  frac- 
tured rock  within  about  500  feet  of  the  land  surface.  The  most  per- 
meable beds  are  composed  of  coarse-grained  arkose  and  conglomerate 
which  contain  water  In  fractures  and  also  In  openings  between  grains 
where  the  cementing  material  has  been  removed  by  weathering.  Most 
of  the  Intervening  beds  of  shale  are  much  less  permeable  and  act  as 
aqulcludes  confining  water  In  the  arkose  and  conglomerate  aquifers. 

Recharge  to  the  aquifers  In  the  Stockton  formation  percolates 
downward  In  their  outcrop  areas.  Joins  the  ground-water  body,  and 
moves  In  the  direction  of  the  hydraulic  gradient  to  xx>lnts  of  dis- 
charge. 
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Preliminary  pumping  tests  have  given  coefficients  of  storage 
of  about  0.00001  or  0.00002,  Indicative  of  artesian  conditions;  prob- 
ably nowhere  does  the  coefficient  exceed  about  0.001  (Greenman,  1955» 
p.  28).  Laboratory-determined  specific  yields  of  a dozen  samples  of 
arkose,  conglomerate,  sandstone,  and  sandy  siltstone  from  outcrops 
of  the  Stockton  formation  (U.  S.  Geological  Sxirvey  Water  Resources 
Laboratory,  Denver, unpublished  data)  ranged  from  nearly  0 to  19  per- 
cent and  averaged  about  8 percent.  Poros  ties  in  these  samples 
ranged  from  7 to  30  percent  and  averaged  about  15  percent. 

Coefficients  of  permeability  for  movement  of  water  parallel  to 
the  bedding  determined  in  ]0  of  the  12  laboratory  samples  ranged 
from  0.001  to  0. 3 gpd  per  square  foot  and  averaged  only  0.04  gpd. 
Permeability  coefficients  for  movement  perpendicular  to  the  bedding 
ranged  from  0.001  to  0.2  and  averaged  about  0.03  gpd  per  square 
foot — somewhat  less  than  the  average  permeability  for  movement  par- 
a]lel  to  the  bedding.  Both  these  average  values  are  much  less  than 
the  average  permeability  of  arkose  and  conglomerate  aquifers  sug- 
gested by  well-yield  data,  which  indicates  that  the  most  of  the 
water  probably  moves  toward  pumped  wells  through  the  fractures  in 
tJie  rock  rather  than  through  the  intergranular  pores.  However, 
the  surprisingly  high  specific  yields  for  the  laboratory  samples 
of  weathered  rocks  suggest  that  most  of  the  ground -water  storage 
capacity  in  the  aquifers  of  the  Stockton  formation  is  in  the  pore 
spaces  between  grains  in  the  weathered  zone  near  the  land  surface 
rather  than  in  the  fmctures,  even  though  the  water  moves  much  more 
readily  through  the  fractures.  As  a result,  wells  may  have  rela- 
tively high  initial  yields,  owing  tc  the  high  permeability  of  the 
fractured  zones,  but  the  ultimate  or  long-term  yields  may  be  sub- 
stantially less,  because  they  are  governed  by  the  much  lower  perrr.e- 
ablllty  of  the  weathered  granular  materials  that  supply  most  of  the 
vrater  withdrawn  from  storage.  A more  favorable  aspect  is  that  the 
low  permeability  of  the  gramxlar  materials  allows  them  to  retain 
water  in  storage  for  considerable  periods. 

Reported  yields  of  180  wells  tapping  the  Stockton  formation  in 
the  Delaware  River  basin  range  from  2 to  800  gpm  and  average  about 
100  gpm.  Specific-capacity  tests  tor  23  wells  in  Bucks  County,  Pa., 
showed  a range  in  values  from  0.3^  to  gpm  per  foot  of  drawdown 
and  on  an  average  of  about  6.0  gpm  per  foot  (Greenman,  1955>  P-  28). 

Prom  all  these  data  it  may  be  concluded  that  most  deep  drilled 
wells  of  modem  design  in  the  Stockton  formation  should  obtain  yields 
in  the  range  of  30  to  300  gpm,  but  that  the  long-term  yields  under 
continuous  pumping  would  be  substantially  less  than  the  initial 
yield.  Because  of  the  low  coefficients  of  storage  and  the  relatively 
high  coefficients  of  permeability  of  the  artoslfin  aquifers,  drawdown 
effects  of  p'implng  would  extend  cc-inslderable  distances,  so  that 
proper  spacing  of  wells  to  mlnimi/.e  interference  is  particularly  Im- 
oo>**T>n'‘ 


Runoff  from  the  outcrop  of  the  Stockton  formation  probably  la 
less  flashy  than  that  from  the  other  formations  In  the  Trlasslc  Lov> 
lazvl,  owing  to  the  greater  permeability  of  many  of  the  beds  €md  the 
thicker  soils. 


Lockatong  Formation 

The  Lockatong  formation  overlies  the  Stockton  formation  and  . 
crops  out  In  three  principal  belts  lying  north  or  northwest  of  the 
outcrops  of  the  Stockton  in  the  central  and  south-central  parts  of 
the  Trlasslc  Lowland  (pi.  11 ).  The  Lockatong  Is  absent  in  most  of 
the  Lowland  northeast  of  the  Delaware  River  basin  and  Is  missing  adso 
In  the  western  part  of  the  basin.  It  attains  a maximum  thickness  of 
more  thAn  3,000  feet  in  the  outcrop  saong  Tohlckon  Creek  and  the 
Delaware  River  (pis.  11  suad  13 ). 

Ihe  most  abundant  and  distinctive  rock  type  Is  a thick-bedded 
dark-groy  to  black  argillite  (hard  claystone  or  slltstone).  Other 
types  Include  thln-bedded  dark  shale,  impure  limestone,  and  limy  ar- 
gillite. The  upper  part  of  the  Lockatong,  which  grades  into  the 
Brunswick  formation,  Includes  tongaaellke  beds  of  dark-red  argillite 
and  red  shale  of  the  type  occurring  In  the  Bnmswlck  formation.  A 
thin  zone  at  the  base  of  the  Lockatong  contains  coarse-grained  beds 
like  those  in  the  underlying  Stockton  formation. 

The  argillite  Is  a dense,  hard  rock  emd  forms  prominent  ridges 
where  It  Is  interbedded  with  softer  shale,  or  broad  plateaus  where 
the  soft  rocks  are  absent.  Most  of  the  formation  weathers  to  thin 
soil  composed  of  yellowish -brown  clay  loam. 

The  Lockatong  formation  contains  some  of  the  least  permeable 
rocks  In  the  basin.  The  fresh  argillite  has  very  little  Intergran- 
ular porosity,  and  fracture  openings  In  this  rock  are  neither  large 
nor  abundant.  Most  of  the  water  occurs  under  unconflned  or  semlcon- 
flned  conditions  In  the  weathered  zone  near  the  land  surface. 

Yields  reported  for  203  wells  In  the  basin  and  eidjacent  New 
Jersey  range  from  0.2  to  33  aod  average  about  10  gpn;  specific 
capacities  reported  for  63  wells  range  from  0.02  to  2.0  gpm  per  foot 
of  drawdown  and  average  about  0.6  gpm  per  foot  (Barksdale,  Greenaan, 
Lang,  and  others,  19^). 

Runoff  frcan  the  outcrop  areas  of  the  Lockatong  formation  prob- 
ably Is  extremely  flashy  because  of  the  low  Infiltration  capacity  of 
the  thin  Impermeable  soils  and  the  small  ground-water  storage  capacity 
available  to  stiataln  base  flow. 
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BnnuBvlck  Formation 


liie  Brunswick  formation  Is  the  thickest  and  moat  extanslTa  for- 
mation In  the  Trlasslc  Lowland  (pis.  11,  12,  and  13).  In  the  Dela- 
ware Mver  hcuiln  Its  outcrop  Is  about  equal  In  area  to  like  coablned 
outcrops  of  the  Stockton  and  Lockatong  formations;  In  lev  Jersey  out- 
side the  basin  It  underlies  most  of  the  Trlasslc  jjovland.  Its  maxi- 
nm  thickness  within  the  basin  probably  Is  about  7,000  feet;  outside 
the  bcMln  in  Hew  Jersey,  where  the  Brunswick  Indues  beds  that  are 
probably  equivalent  to  the  Lockatong  formation  and  possibly  to  part 
of  the  Stockton  fonnatlon  as  well,  the  total  thickness  may  be  greater. 

Ihe  Brunswick  formation  typlceLLly  consists  of  soft  red  shale 
Interbedded  with  smaller  amounts  of  brownish-red  sUtstone  and  fine- 
grained sandstone,  and  green,  yellow,  gray,  and  purple  shale  and 
argillite.  East  of  the  basin,  sandstone  Is  more  abundant,  and  beds 
of  conglomerate  occur  In  places.  Along  the  northern  border  of  the 
Tzlasslc  lowland  the  fine-grained  materials  grade  into  conglomerate 
and  coarse-grained  sandstone  ( pis.  II  and  12)  that 

' probably  represent  sdluvlal-fan  deposits  laid  down  by  torrential 

streams  near  the  and  of  Trlasslc  time  (Johnson  and  McLaughlin,  1957)> 
In  the  vlelzilty  of  the  Delaware  River  and  to  the  west  In  Bucks  Jounty, 
the  lower  psu^  of  the  Brunswick  Is  gradational  with  the  iqpper  part  of 
the  Latetong  fonnatlon  and  Includes  beds  of  dark  argillite  Interbedded 
with  the  typical  red  shale.  Hear  the  Intrusive  masses  of  dlabue, 
the  soft  red  shade  of  the  Brunswick  formation  Is  altered  to  a bard 
dark  finely  crystalline  rock  (homfels)  that  closely  resembles  ar- 
gillite (pi.  13)- 


i 

I 

i 

i 


Because  of  Its  great  extent  and  its  relatively  hl^  average  per- 
meability, the  Brunswick  formation  is  one  of  the  most  Important  sources 
of  ground -water  st^lles  In  the  Appalachian  Highlands.  Ihe  weathered 
part  of  the  formation  above  a depth  of  about  25O  feet  contains  umcon- 
fined  water  and  may  be  regarded  as  a water-table  aquifer.  Between 
depths  of  aboht  250  and  600  feet  semlconflned  water  occurs  In  rela- 
tively permeable  zones  which  rarely  &re  more  than  20  feet  thick. 

The  \5>per,  water-table  aquifer  receives  recharge  directly  from 
pi^clpltatlon;  the  underlying  semlarteslan  aquifers  are  In  turn  re- 
charged by  drainage  from  the  water-table  aquifer.  In  the  semlarte- 
slan aquifers  the  water-bearing  openings  are  fractures,  many  of  which 
have  been  enlarged  slightly  by  the  soldtlon  of  lljny  material  by  cir- 
culating ground  water!  In  the  water-table  aquifer,  fractures  are 
more  abundant,  and  additional  drainable  water  may  be  stored  In  the 
Intergranul^  pores  In  the  coarser  materials.  ' Bbrpers  and  Bazdcsdale 
(1951>  p.  27)  repo.'ted  a specific  yield  of  1 to  2 percent  for  the 
zone  within  3OO  feet  of  the  land  surface;  a decline  In  water  table 
of  a foot  over  an  area  of  a square  mile  therefore  would  represent  a 
release  from  storage  of  approximately  2 to  4 million  gallons. 
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Most  wells  In  the  Brunswick  formation  tap  both  water-table  and 
semlarteslan  aquifers.  The  ultimate  yield  of  a well  Is  related  to 
the  storage  capacity  of  the  water-table  aquifer  It  penetrates  and 
the  rate  at  which  that  aquifer  can  supply  recharge  to  the  underlying 
semlarteslan  aquifers  tapped  by  the  well.  As  In  the  Stockton  forma- 
tion the  long-term  yield  of  a heavily  pumped  well  may  be  only  a frac- 
tlot  of  the  Initial  yield. 

Reported  yields  of  l6h  wells  In  the  basin  range  from  2 to  about 
4-00  gpm  average  about  90  6pm.  East  of  the  basin  where  the  Bnxns- 
wlck  formation  contains  a higher  proportion  of  coarse-grained  beds 
the  average  yield  of  wells  Is  hl^er;  at  Ridgewood  in  Bergen  County, 
N.  J.,  well  yields  up  to  750  gpm  are  reported. 

Most  of  the  soils  on  the  Brunswick  formation  are  thin  and  not 
very  permeable,  hence  their  Infiltration  capacity  is  ratl^r  low. 
Moreover,  the  grouna-water  storage  available  to  accept  recharge  com- 
monly Is  small.  Ihe  runoff  from  the  outcrop  therefore  probably  Is 
very  flashy. 


UHCOHSOLIDATED  SEDIMENTS  OF  GLACIAL  ORIGIN 

Continental  glaciers  covered  all  the  northern  part  of  the  Dela- 
ware River  basin  at  least  three,  and  possibly  four  times  during  the 
last  million  years.  The  ,last  ice  sheet--that  of  the  Wisconsin  gla- 
cial stage  (table  l)--retreated  from  the  region  about  10,000  years 
■go  (Flint  1957).  The  Wisconsin  Ice  sheet  and  Its  predecessors— 
those  of  the  Illlnolan  andKansac'?)  stages  (pi.  14)— removed  the 
soil  and  loose  weathered  mateiiea,  quarried  wai  scraped  the  under- 
lying fresh  rock,  modified  the  pre-existing  drainage  pattern, 
deepened  some  of  the  stream  vedleys  and  filled  others  with  deposits, 
and  left  a mantle  of  unsorted  deposits  as  till  or  ground  moraine  over 
BX)St  of  the  area.  Ridges  composed  of  unsorted  debris  were  deposited 
at  the  margins  of  the  Ipe  as  terminal  and  recessional  moraines,  and 
lateral  moraines  acc\mmlated  edong  the  margins  of  some  of  the  ice 
tongues  in  the  vsdlsys.  Glacial  outwash  and  other  stratified  depos- 
its were  laid  down  In  the  valleys  and  along  the  margins  of, the  ice 
masses  by  meltSater  streams,  and  fine-grained  sediments  were  depos- 
ited in  lakes  and  marshes.  Southward-flowing  meltwater  streams  de- 
posited outwash  In  the  major  valley  far  south  of  the  Ice  margin. 

On  the  basis  of  their  hydrologic  properties  the  glacial  sedi- 
ments of  the  basin  are  herein  divided  Into  two  main  categories, 
unstratified  glacial  sediments  and  stratified  glacial  sediments, 
which  are  described  briefly  in  the  sections  following. 
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ChBtratlfled  8e<^i—nt» 

Dm  unstr&tlfled  ■•dlmsats,  which  v«r«  deposited  directly  hy  the 
Ice, -coaalst  of  unsorted  Bsterlals  ranging  fro*  clay  to  boulders 
hsTlng  relatively  low  peiaeablllty.  The  aost  extensive  of  these  de- 
posits Is  till,  which  blankets  perhaps  90  percent  of  the  glaciated 
area.  Other  unstratlfled  sediments  are  the  aoralnsLl  deposits  of 
various  types,  which  differ  tram  the  till  chiefly  la  thair  greater 
thickness  and  their  distinctive  landfom  ejq>resslon  as  curved  or 
sinuous  ridges,  and  their  SGoewhat  greater  edntent  of  peiveable 
bodies  of  sand  and  gravel. 

i 

The  oldest  glaclcLL  deposits— those  of  Ksi.r>aii^ ( ? )agO'-coaslst 
lar^ly  of  scattered  boulders  south  of  the  lUlnolan  border  (pi.  14). 
Scattered  thin  deposits  of  lUlnolan  age  occur  south  of  the  Wisconsin 
border,  but  only  a few  of  the  thicker  masses,  such  as  the  terminal 
moraines  near  Allentown,  Pa.,  are  shown  as  early  glacial  drift  on 
the  geologic  loap  ( pi.  lU),  Horth  of  the  Wisconsin 

border  the  till  and  moraines  are  almost  entirely  of  the  Wisconsin 
glacial  age;  the  earlier  deposits  of  (?.)  and  TliHiiMan  age 

were  largely  rewoihed  by  the  Wisconsin  Ice  azkd  Incorporated  Into 
the  younger  deposits. 

Die  till  consists  of  an  unsorted  mixture  of  particles  ranging 
In  size  from  clay  to  boulders  many  feet  In  diameter.  The  character 
of  the  materials  varies  from  place  to  place,  depending  on  the  nature 
of  the  perent  rocks.  Sand  and  gravel  are  abundant  where  the  materials 
sre  derl'fed  largely  from  sandstone  but  clay  predominates  where  the 
peumnt  rocks  are  mostly  shale.  Limestone  Is  not  an  abundant  consti- 
tuent of  till  at  most  places  in  the  Delavaipe  River  basin. 

In  the  broad  upland  areas  the  till  generally  Is  less  than  30 
feet  thlckj,  but  In  burned'  valleys  the  thickness  is  greater;  Flidir 
(19^3)  reported  a thickness  of  as  much  as  3^0  feet  In  Selawa:^ 

County,  I.  T.  In  n^ny  of  the  present  stream  valleys  fairly  thick 
masses  of  till  are  Interbedded  with  glacial  outvash  (pi.  13). 

The  overall  peimeablllty  of  till  Is  very  low,  owing  to  the  us- 
ual moderate  to  large  content  of  clay  and  silt,  and  the  fact  that 
smaller  particles  ccmsKmly  fill  spaces  between  larger  ones.  Direct 
runoff  from  most  till-covered  areas  Ig  large  because  of  the  lev  In- 
filtration capacity  of  the  materials.  At  agny  places 'till  forms  an 
aqulclude  confining  water  in  permeable  outwash  deposits,  with  which 
it  is  interbedded,  or  in  the  underlying  bedrock,  ^rh  titj  la  the 
upland  area  contains  bodies  of  perched  water- lying  above  zones  rich 
in  clay  or  dense,  relatively  impermeable  bedrock. 


1/  Deposits  of  Kansan  (?)  age  are  sometimes  referred  to  locally 
as  Jerseyan  drift. 


92. 


Tlelds  of  most  wells  in  till  are  only  a few  gallons  per  alnute. 
Rates  of  Inflow  into  the  wells  commonly  are  even  less,  so  that  dug 
wells  having  large  storage  capacity  cue  used.  Such  wells  can  be 
ptsiqped  for  short  periods  at  considerably  greater  rates  than  they 
could  be  ptBQiad  continuously.  Host  dug  wells  extend  only  a short 
distance  below  the  water-table  and  depend  on  frequent  precipitation 
for  recharge.  Seasonal  water-table  fluctuations  In  till  say  be 
large  (pi.  l6),  and  many  wells  are  reported  to  go  dry  after  several 
weeks, others  require  months  of  drought. 

The  moraines  are  believed  to  be  similar  to  the  till  in  hydrologic 
characteristics,  except  that  they  are  thicker  than  siost  of  tte  up- 
land till,  and  probably  are  more  reliable  as  sources  of  perennial 
water  st^lles.  The  older  morainal  deposits  south  of  the  Wisconsin 
border,  ( pl.  such  as  those  in  the  vicinity  of  Allentown, 

Pa.,  cu«  genera.lly  more  highly  weathered  and  less  permeable  than 
the  moraines  of  Wisconsin  age. 

Stratified  Sediments 

In  the  Apx>alachlan  Highlands  the  stratified  sediments  were  de- 
posited: (l)  in  the  open  valley  bottoms  by  meltwater  streams  as 
glaclcLL  outwashj  (2)  in  depressions  on  the  ice  as  kames;  (3)  in 
long,  sinuous  ridges  beneath  the  ice  as  eskers;  (U)  iLLong  the 
vcdley  sides  at  the  marglnes  of  the  ice  tongues  as  kame  terraces; 
and  (3)  ill  glacial  lakes  cuid  marshes  as  deltaic,  marsh,  and  lake- 
bottom  deposits.  Alluvium  of  postglacial  (Recent)  age  occurs  as 
thin  stream  luid  marsh  deposits  which  are  difficult  to  distinguish 
from  the  underlying  deposits  of  Pleistocene  age. 

Although  these  deposits  are  as  heterogeneous  as  the  till  and 
morainal  deposits,  they  differ  in  having  definite  bedding  as  a re- 
sult of  being  sorted  by  water.  The  most  evenly  bedded,  and  also 
the  most  fine-grained,  sediments  are  the  lenses  and  layers  of  clay, 
silt,  and  fine  sand  that  were  deposited  in  lakes  and  marshes  damned 
either  by  the  ice  or  by  moraines  and  rock  walls  beyond  the  ice  mar- 
gin. Such  deposits  are  most  widespread  in  the  area  of  the  ancient 
Lake  Passaic  in  northern  Hew  Jersey,  near  the  cities  of  Morristown 
and  Madison  (pi.  lU)  smaller  masses  of  similar  deposits  occxir  at 
many  other  localities.  Outwash  is  fairly  well  bedded,  but  the  in- 
dividual beds  are  exceedingly  lenticular.  The  ice-contact  deposits— 
those  in  kames,  kame  terraces,  and  eskers—  com&only  are  chaotically 
or  crudely  bedded  (pi.  2)  and  locally  contain  bodies  of  till  de- 
rived from  the  adjacent  ice. 

The  outwash,  which  is  the  most  abundant  and  important  of  the 
stratified  sediments,  forms  elongate  masses  pai^ly  filling  the  pre- 
glacial  stream  valleys.  Tongues  of  outwash  extend  along  the  major 
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valleys  far  beycs)d  the  borders  of  the  glaciated  areas  into  the 
Coastal  Plain  province.  The  Cape  May  formation  In  the  Coastal  Plain 
may  be  In  part  eqvdvalent  to  the  outvash  of  Wisconsin  age,  the 
Pensauken  and  Bridgeton  formations  may  be  In  part  equivalent  to 
the  older  outwash. 

Cross  sections  of  the  outwash  In  the  Appalachian  w (pi.  15) 

are  typically  U-shtiped  in  tiasal  outline  as  a result  of  quarrying 
and  scoTir  of  the  bedrock  by  the  ice  that  occupied  the  vqlleys  before 
the  outwash  was  deposited.  At  mEiny  places  the  locations  of  the  pres- 
ent streams  do  not  coincide  wlih  the  centers  of  the  old  valleys  cut 
In  the  bedrock  surlace,  and  ridges  of  bedrock  extend  to  the  land 
surface  at  mxDerous  places  in  the  present  valleys.  Ihe  outwash 
generally  ranges  in  thickness  from  about  ^0  to  200  feet,  althou^d^ 
locally  It  is  thlcVer.  Stratified  deposits  as  much  as  300  feet 
thick  occur,  however;  such  thick  deposits  generally  form  Wome  ter- 
races along  valley  margins  and  only  the  lower  part  Is  satitrated. 

Water  occurs  in  the  stratified  glacial  sediments  under  uncon- 
flned  to  semi confined  or  confined  conditions.  Under  nsitural  con- 
ditions the  deposits  are  recharged  largely  by  Infiltration  of 
precipitation  on  tlielr  outcrop;  the  outwash  In  the  valleys  also 
receives  some  recharge  from  adjacent  and  underlying  bedrock  and 
from  till  along  the  valley  sides.  Ifader  conditions  of  developsMnt, 
where  the  normal  hydraulic  gradients  toward  streams  and  lakes  are 
xvversed  by  pianplng,  recharge  may  be  Induced  from  surface-water 
bodies  and  these  may  also  Include  leakage  from  septic  tanks,  cess- 
pools^ and  from  sewers  or  other  underground  pipes.  Most  natural 
discharge  of  ground -water  Is  Into  streams  and  lakes  azkd  Into  the 
a-tiBos|d>ere  as  evapotransplratlon.  ArtiflclEil  discharge  Is  chiefly 
throu^  ptm^d  wells;  altbo\]gh  leaky  eewers  below  the  water  table 
may  drain  away  some  water  In  places,  they)  may  yield  water 
In  other  places  where  the  head  In  the  sewer  Is  above  the  water 
table. 

Some  of  the  coarser  and  thicker  deposits  of  outwash  constitute 
the  most  productive  aquifers  In  the  entire  Delaware  River  basin 
area,  eilthough  In  some  localities  where  silt  and  clay  predoailnate, 
ylel^  of  wells  are  dlsappolntiaglyilow.  Reported  yields  of  3? 
wells  tapping  outwash  In  the  basin  range  from  2 to  900  gpn. 
median  yield  of  28  large -dlemeter  drilled  wells  used  for  Industrial 
or  public  stqpply  la  213  spm.  Sustained-yields  of  as  ^nich  as  sevsrml 
thousand  gallons  per  minute  doubtlasss  could  be  obtained  largely 
from  Induced  recharge  to  deposits  of  coarse-grained  sand  and  gravel 
that  tuu  hydraulically  connected  with  perennial  streams.  The  ad- 
vantages and  disadvantages  of  pumping  from  wells  versus  pvmplng  or 
diverting  the  rater  directly  from  the  stream  would,  of  course,  have 
to  be  appraised  locally.  As  often  as  not  the  qtiallty  and  teaqiera- 
ture  of  the  rater  would  t>e  us  ImporUoit  as  the  quantity. 
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RBCHAROE  AND  DISCHARGE 

‘Hie  aqtdfers  of  the  Appalachian  Hlg^ands  are  recharged  largely 
by  Infiltration  of  precipitation  on  their  outcrops  or  on  the  over- 
lying  blanket  of  glacial  sediments.  Seepage  from  the  headwater 
reaches  of  some  streams  probably  contributes  a snail  amount  of  ad- 
ditional recharge,  and  some  of  the  aquifers  In  the  valleys  are  re- 
charged In  part  from  the  adjacent  ridges. 

Hie  Infiltration  capacity  of  the  outcrops  Is  a function  of 
several  variable  factors,  among  which  are  the  permeability  of  the 
soil  and  underlying  weathered  rock  and  the  topography.  The  Infil- 
tration capacity  ranges  from  very  high  in  the  sandy  and  gravelly 
glacial  outwash  to  low  In  the  thin,  poorly  pemeable  soils  on  the 
shale  of  Trlasslc  age  and  In  the  outcrops  of  dense,  massive  rocks. 

Hie  average  rate  of  natural  recharge  to  the  aquifers  of  the  Appa- 
lachian Hlgblcuids  ranges  more  widely  and  Is  more  difficult  to  esti- 
mate than  the  recharge  to  the  aquifers  of  the  Coasted  Plain.  However, 
the  average  recharge  In  the  Highlands  may  be  estimated  very  approxi- 
mately by  comparison  with  a nearby  area  of  similar  climatic,  hydro- 
logic,  and  geologic  conditions  where  a detailed  water  budget  was 
worked  out — the  bcMln  of  the  Pomperaug  River,  Conn.,  reported  by 
Melnzer  and  Steams  (1929)- 

Hie  Pomperaug  River  basin,  an  area  of  89  square  miles  In  west- 
central  Connecticut,  Is  underlain  largely  by  crystalline  rocks 
except  for  the  south-central  part,  which  Is  underlain  by  diabase 
and  sedimentary  rocks  of  Trlasslc  age;  these  consolidated  rocks  are 
covered  by  a discontinuous  mantle  of  glacial  deposits  (Melnzer  and 
Steams,  1929,  P«  76-77)* 

Water  budgets  for  the  Pomperaug  River  basin  and  the  Appalachian 
Highlands  part  of  the  Delaware  River  basin  are  compared  In  table  8. 

Hie  data  from  the  Pomperaug  River  basin  have  been  modified  slightly 
to  allow  for  change  In  storage  during  the  budget  period,  I913-16. 
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■Bible  8 . - -Water  budgets  for  Pomperaug  River  beislii,  Coon. , and 
AppalacMan  Hl^klanda  part  of  Delaware  River  basin 


Item 

Pomperaug  River  baslni/ 

App>eJ.achlan  Highlands 
in  Delaware  River  beialn 

Mgd  per 
sq  ml 

Percent  of 
precipita- 
tion 

Percent 
of  run- 
off 

Mgd  per 
sq  ml 

Percent  of 
preclpitatior 

Precipitation 
^ater  loes 
Runoff 

Direct  runoff 
Base  flow  ( ground - 
water  runoff) 

2.12  , 
1.1^/ 

•^2/ 

M-' 

100 

1*7  . 
2^ 
2li/ 

100  / 

100 

49 

51 

Iround-water  recharf 

mam 

_ 35 

— 

-- 

]J  Data  modified  from  Melnzer  and  Steams  (1929)' 

\]  Figures  adjusted  to  allow  for  change  in  storage  during  bvidget 
period. 

The  similarity  of  the  values  of  precipitation,  water  loss,  and 
runoff  in  the  two  areas  is  at  once  apparent.  Streamflow  data  for 
the  Delaware  River  basin  are  not  sufficiently  detailed  to  permit 
estimates  of  direct  and  base,  or  ground-water,  runoff.  However,  the 
value  pf  lUi.  percent  for  the  base -flow  portion  of  total  runoff  deter- 
, mined i|ln  the  Pomperaug  River  basin  study  is  believed  to  be  somewhat 
lower  than  the  average  value  in  the  Appalachian  Hig^ands  of  the 
Delaware  River  basin.  The  Pompera’jg  basin  is  entirely  glaciated 
ai!ld  has  relatively  thin  soils  of  low  permeability,  whereas  only  the 
northern  part  of  the  Hi glands  in  the  Delaware  River  basin  is 
glaciated,  and  in  the  southern  paji’t  memy  of  the  soils  and  zones 
of  weathered  rock  are  relatively  thick  and  permeable. 

Likewise,  the  value  of  about  "i/h  mgd  per  square  mile  for  ground- 
water  recharge  in  the  Pomperaug  River  basin  probably  is  somewhat 
lower  than  the  average  for  the  Highlands  in  the  Delaware  River  basin; 
in  any  case,  an  estimated  average  rate  of  ivchargs  of  3A  >>0^ 
square  mile  for  the  highlands  appears  to  be  conservative.  A simi- 
larly conservative  estimate  for  the  recharge  to  the  aquifers  of  the 
Coastal  Plain,  which  generally  have  more  permeable  intake  areas  than 
those  of  the  consolidated-rock  aquifers,  gave  a value  of  l-l  mgd 
equare  mile  (p.  37-3')). 
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Because  of  the  relatively  lov  productivity  and  small  storage  capac- 
ity of  most  of  the  aquifers,  and  also  because  of  many  practical  limita- 
tions, chiefly  economic,  only  a small  part  of  the  ground-water  discharge 
at  natural  outlets  in  the  Appalachian  Highlands  ban  be  diverted  for  man's 
use.  However,  pumpage  substantially  in  excess  of  the  1955  rate  of  130 
mgd  doubtless  could  be  maintained  with  increased  ground-water  develop- 
ment, especially  in  the  glacial  outwash  deposits  in  the  major  valleys, 
where  induced  recharge  from  streams  is  a significant  factor. 

The  estimated  recharge  rate  of  "i/k  mgd  per  square  mile  is,  of  covirse, 
an  average  for  the  entire  Appalachian  Highlands;  rather  large  variations 
from  the  average  are  to  be  expected.  Data  developed  by  the  U.  S.  Geolog- 
ical Survey  and  the  U.  S.  Vfeather  Bureau  indicate  that  precipitation  in 
the  area  ranges  from  about  k2  to  6o  inches  per  year  (2.0  - 2.9  mgd  per 
sq  mi);  water  loss  ranges  from  about  17  to  more  than  28  inches  per  year 
(0.8  - 1.3  mgd  per  sq  mi);  and  runoff  ranges  from  15  to  about  42  inches 
per  year  (0.7  - 2.0  mgd  per  sq  mi). 

The  area  of  the  Appalachian  Highlands  in  the  Delaware  River  basin  is 
about  9,700  square  miles;  thus,  at  an  average  rate  of  3/4  mgd  per  square 
mile,  the  total  ground -water  recharge  or  discharge  averages  about  7,300 
mgd.  Most  of  this  water  moves  relatively  short  distances  through  the 
weathered  and  fractured  rocks  within  a few  hundred  feet  of  the  land  sur- 
face to  discharge  outlets  in  stream  channels,  springs,  seeps,  lakes, 
ponds,  marshes,  and  low-lying  areas  where  the  saturated  zone  is  suffic- 
iently near  the  land  surface  to  allow  discharge  by  evapotranspiration. 

As  in  the  Coastal  Plain,  the  potential  gi-ound-water  supply  is  assumed  to 
equal  the  ground-water  discharge  to  streaais--an  estimated  4,400  t 500  mgd. 
Ho\rover,  because  of  the  low  permeability  and  small  storage  capacity  of 
most  of  the  hard-rock  aquifers,  and  also  because  of  other  practical  lim- 
itations, chiefly  economic,  the  writers  believe  that  only  a small  fraction 
of  the  potential  supply  can  be  developed  feasibly  and  that  development  of 
surface  supplies  will  continue  to  be  dominant  in  the  Hi^lands.  However, 
large  ground-water  supplies  may  be  developed  locally,  as  in  the  glacial 
outwash  along  major  streams  in  the  glaciated  part  of  the  region. 

Discharge  through  pumped  wells  is  only  a small  fraction  of  the  total 
ground-water  discharge;  about  I30  mgd  is  being  withdrawn  at  present. 

This  discharge  does  not  Include  pumpage  from  mines  and  quarries,  whose 
unknown  total  may  equal  or  exceed  all  withdrawals  from  wells  for  direct  use. 
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GROUND-WATER  STORAGE 


The  aquifers  in  the  Appalachian  Highlands  range  widely  in  their 
capacity  to  store  water.  As  ground-water  reservoirs,  the  deposits  of 
glacial  out wash  in  the  major  stream  valleys  compare  favorably  with  the 
coarsest-grained  aquifers  in  the  Coastal  Plain,  whereas  most  of  the 
consolidated-rock  aquifers,  which  mai'.e  up  the  bulk  of  the  water-bearing 
materials  in  the  Highlands,  have  relatively  little  storage  capacity. 

In  the  out  wash . some  r-f  the  beis  ‘f  gravel  and  sand  probably  have 
spec  if i - yields  ex-ee  iing  tO  j ercent.  H 'wever,  in  consolidated-rock 
aquifers  spec  if i - yields  of  more  than  2 percent  probably  are  uncommon, 
excep*  in  the  upper  part  of  the  weathered  zone . In  most  consolidated 
rocks  the  specific  yield  decreases  markedly  with  depth,  and  most  of 
the  usable  storage  .apacity  is  in  the  weathered  and  highly  fractured 
material  near  the  Land  surface.  Therefore,  although  the  storage  capac- 
ity of  the  consolidated  r'>cks  is  much  less  than  that  of  the  unconsoli- 
dated sediments,  the  storage  in  some  of  the  shallow,  weathered  and 
fractured  rocks  tnat  provides  the  base,  or  fair-weather , flow  of 
streams  is  comparable  to  that  in  many  of  the  unconsolidated  sediments. 

Lack  of  adequate  storage  capacity  is  most  likely  to  be  an  import- 
ant limiting  factor  in  ground-water  ievelojiment  in  moderately  perme- 
able aquifers  having  relatively  low  specific  yields,  such  as  the  aqui- 
fers In  the  Brunswick  formation  of  Triassic  age. 
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Some  of  the  Larger  masses  of  glacial  outwash  store  considerable 
volvmes  of  water.  One  of  the  leorgest  masses  is  that  along  the 
Delaware  River  from  below  Milford,  Pa.,  to  Port  Jervis,  N.  Y. , thence 
along  the  Neve rs ink  River  and  Basher  Kill  to  Stnnnltvllle,  N.  Y. 

Prom  Milford  to  Summltvllle  the  length  of  the  outwash  body  Is  28 
miles.  Its  width  averages  a little  less  than  a mile,  and  Its  aver- 
age thickness  is  between  100  and  150  feet.  The  total  volume  of  the 
saturated  materials,  then,  1s  estimated  to  be  150,000  feet  x 5>000 
feet  X 100  feet  » 75  billion  cubic  feet.  If  the  specific  yield  of 
the  outwash  is  estimated  conservatively  to  be  l5  percent.  Its  stor- 
age capacity  Is  about  11  billion  cubic  feet,  or  about  80  billion 
gallons . 

Only  by  diverting  all  or  nearly  all  the  streamflow  from  the 
valley  during  periods  of  pumping  could  a sizable  portion  of  this 
ground-water  storage  capacity  be  used,  however.  So  long  as  the 
streamflow  Is  sufficient  to  supply,  by  induced  recharge,  a large 
part  of  the  water  p’onped  by  wells  In  the  valley,  the  greater  part 
of  the  outwash  will  remain  saturated. 

The  character  of  fluctuations  In  ground-water  storage  In  glacial 
deposits  Is  shown  In  the  hydrographs  of  three  unused  shallow  wells 
(pi.  l6).  The  fluctuations  in  all  three  wells  are  believed  to  be 
entirely  the  result  of  changing  rates  of  natural  recharge  and  dls- 
chaurge.  The  peak  water  levels  In  the  spring  reflect  high  rates  of 
recharge  from  rain  and  melting  snow;  the  low  water  levels  In  the 
simmer  and  autumn  result  from  high  evapo transpiration  losses  and 
hence  lack  of  infiltration  to  the  ground-water  body.  The  average 
yearly  water-table  fluctuations  in  the  three  wells  are  from  about 
5 to  10  feet;  because  of  the  lack  of  specific-yield  data  for  the 
mterlals  penetrated  by  the  wells,  the  changes  in  ground-water 
storage  indicated  by  the  fluctuations  are  not  known. 

CHEMICAL  CHARACTER  OF  GROUND-WATER  SUPPLIES 

The  formations  of  the  Appalachian  Highlands  yield  water  with  a 
wide  variety  of  chemical  characteristics.  The  concentrations  of  dis- 
solved solids  In  individual  samples  analyzed  rangeo  from  11  to  1,500 
parts  per  million,  and  hardness  from  4 to  66o  ppm,  measured  as  CaCO,. 
■nie  pH  of  Indlvidusd  samplds  ranged  from  4.4  to  8.9.  'Hie  formations 
of  the  Appalachian  Highlands  that  contain  water  of  highest  quality 
are  the  glacial  outwash  In  the  Hew  York  part  of  the  '^>asln,  the  Cats- 
klll  formation  in  northeastern  Pennsylvania,  and  the  Wlssahlckon 
formation  In  southeastern  Pennsylvania.  A few  representative  chem- 
ical analyses  of  ground  water  are  given  in  tables  9 and  10. 
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Unconsolidated  Sediments  of  Glacial  OrlgUi 


Water  from  glacial  deposits  In  the  Delaware  River  basin  Is  soft 
to  moderately  hard  and  In  general  Is  not  highly  mineralized.  The 
Iron  content  Is  usually  low  but  In  some  places  is  objectionably  hlg^. 
Shallow  wells  may  be  contaminated  from  surface  sources.  Where  pump- 
ing is  heavy  enough  to  Induce  recharge  from  adjacent  streams  a con- 
siderable i>art  of  the  pumped  water  Is  derived  from  the  streams,  euid 
the  water  Is  usually  of  better  quality  than  the  native  ground  water. 
Rlma  (written  communication,  1957)  has  prepared  table  11  summarizing 
24  aumlyses  of  water  from  the  valley  fill  deposits  In  the  central 
part  of  the  Delaware  River  basin.  In  table  11  the  valiies  for  constitu- 
ents given  have  been  taken  from  available  data  and  are  not  necessarily 
balanced  analyses.  Water  from  the  valley  fill  generally  is  slightly 
acid.  A few  samples  had  excessive  concentrations  of  Iron,  and  some 
had  very  high  concentrations  of  nitrate  and  chloride,  perhaps  owjSg 
to  contamination  from  barnyards  or  cesspools. 

Source  and  description  of  samples  referred  to  by  nvmiber  in  table  9: 

i. 

Ihiconsolldated  sediments  of  Appalachian  Highlands 

1.  Near  Pocono  Lake  Preserve,  Monroe  County,  Pa.,  Pocono  lake 

Preserve  spirlngs;  sodium  plus  potassium  and  dissolved 
solids  cflklculated. 

2.  Newfoxindlemd,  Wayne  County,  Pa.,  Dairymen’s  League  well; 

sodium  plus  potassium  and  dissolved  solids  calculated. 

3.  Port  Jervis,  Orange  Coimty,  N.  Y. , Diamond  Dairy  well;  analysis 

by  Hew  York  State  Department  of  Health. 

4.  Narrowsburg,  Sullivan  County,  N.  Y. , Narrowsburg  Water  Depart- 

ment well;  analysis  by  New  York  State  Department  of  HeaQth. 

5.  Hancock,  Delaware  County,  N.  Y.,  Hancock  Water  Co.  well;  analysis 

by  New  York  State  Department  of  Health. 

6.  Bloomvllle,  Delaware  County,  N.  Y. , McIntosh  Slaughter  House  well; 

altmiinum  0. 6 . 

Source  and  description  of  samples  referred  to  by  number  In  table  10: 

Martlnsburg  shale 

1.  Near  Newslde,  I-ehlgh  County,  Pa.,  P.  J.  Oerman  well. 

2.  Near  Laurys,  Lehigh  County,  Pa.,  H.  Moyer  well. 

Catsklll  formation 

3.  Near  Clamtown,  Schuylkill  County,  Pa.,  K.  Shellhamer  well;  color  3» 

4.  Honesdale,  Wayne  County,  Pa.,  Dairymen's  League  well. 
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Source  and  description  of  saoples  referred  to  by  niaber  in  tsible  10- 

Con  tinned 

Locluitong  formation 

3.  Plunstead  Ibvnstalp,  Bucks  County,  Pa.,  Camp  Ockanlekon,  Boy 
Scouts  of  Amertca  well;  color  3- 

6.  Lower  Makef leld  Township,  Bucks  County,  Pa. , G.  K.  Balderston- 

H.  R.  Bradley  well;  color  1. 

Stockton  formation 

7.  Phoenlxwllle,  Chester  Co\mty,  Pa.,  Phoenix  Iron  and  Steel  Co. 

well;  color  2. 

8.  Norristown,  Montgomery  County,  Pa.,  Handway  and  Gordon  Dairy 

well;  color  ?. 

9-  Doylestown,  Bx^s  County,  Pa.,  Doylestown  Borou^  well  8;  color 

2. 

10.  Doylestown,  Bucks  County,  Pa.,  Doylestown  Ice  Co.  well  2;  color  3. 

11.  Newton,  Bucks  County,  Pa.,  Newtown  Artesian  Water  Co.  well  3; 

color  3 • 

12.  Trenton,  Mercer  County,  N.  J.,  New  Jersey  State  Hospital  well  8; 

color  U. 

13.  Sklppack,  Montgomery  Coimty,  Pa.,  Walter  Dlnse  well;  color  3. 
lU.  Near  Quakertown,  Bucks  County,  Pa.,  Quakertown  Borou^  well  9; 

color  3. 

15.  Near  Perkasle,  Bucks  County,  Pa.,  Perkasle  Water  Svpply  Co. 

well  5,  color  3. 

16.  New  Hope,  Bucks  County,  Pa.,  Universal  Paper  Bag  Co.,  well; 

color  3* 

Carbonate  rocks 

18.  Near  Lancaster,  Lancaster  County,  Pa.,  J.  P.  Bivnneman  well; 

Conestoga  limestone, 

19.  Buckingham,  Bucks  Coxmty,  Pa.,  General  Greene  Ian  well;  Conoco- 

c he ague  limestone. 

20.  Near  ColesvlUe,  Lehigh  County,  Pa.,  ■*  0,  Breland  vel).;  Beeknan- 

town  group. 

21.  Center  Valley,  Lehigh  County,  Pa.,  M.  DeFlore  well;  Itomstown 

dolcoiile . 

22.  Near  FogelsviUe,  Lehigh  County,  Pa.,  Lehigh  Portlaxkd  Cement  Co. 

well;  Jacksonhurg  limestone. 

Diabase 

23.  Green  Lane,  Montgomery  County,  Pa.,  Montgomery  County  Park  well; 

color  U* 

2k,  Near  Sellereville,  Bucks  County,  Pa,,  Sellersvllle  Borough  well  1; 
color  3. 

25.  Milford  Square,  Bucks  County,  Pa. , Milford  Square  Pants  Co.  well; 
color  2. 
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Soxiree  andL  description  of  sas^les  referred  to  by  ntsaber  In  table 

10 — Continued 

Gneiss 

26.  Hear  Kennett  Square,  Chester  County,  Pa.,  E.  Tabaj  well; 

Beiltlmore  gneiss. 

27.  Langhome  Hanor,  Bucks  Co\mty,  Pa.,  Lemghome  Spring  Water 

Co.  well  2;  color  3>  Beiltlmore  gneiss* 

28.  Hear  Yardley,  Bucks  County,  Pa.,  YeLrdley  Water  aiid  Power  Co. 

well  3}  Baltimore  gneiss,  color  2- 

29.  Hear  Shlmersrllle,  Lehlgdi  County,  Pa.,  Kings  Hlj^niay  Elementary 

School  well;  Byram  granite  gneiss. 

30.  Hear  Center  Valley,  Lehl^  County,  Pa.,  K.  A.  Beers  well; 

Poehuck  gabbro  gneiss. 

Chlckles  quartzite 

31*  Uverson,  Chester  County,  Pa.,  Dolflnger  Creamery  well* 

32.  Langhome  Manor,  Bucks  County,  Pa. , Tmni^me  Spring  Water  Co. 

well  U.;  color  3. 

Wlssahlekon  formation 

33.  Centerville,  Hew  Castle  County,  Del.,  Winterthur  Fazm  well  • 

3*^.  Lincoln  tJhlverslty,  Chester  County,  Pa.,  Lincoln  Ualverslty 

well. 

35*  Brandywine  Sunnnlt,  Delaware  Cotmty,  Pa.,  W.  C.  Walton  well. 

36.  Hulmeville,  Bucks  County,  Pa.,  O.K.O.  Plush  Co.  well;  color  3. 
37  Eddington,  Bucks  County,  Pa.,  Publlcker  Industries  well. 


I 


■A 


102. 


Table  11.  -"Supn^ry  of  chemical  analvapy  n-f*  ?lj  samplas  of  ground 
water  from  valley  fill 

^arte  per  mllii.o^ 


Mazimun 

A-verage 

Minimum 

Bllica  (SIO2) 

20 

11 

5.1 

Iron  (Pe) 

7.2 

1.3 

.01 

Calcium  (Ca) 

57 

22 

>^,.1 

Magneeltm  (Hg) 

^3 

13 

3.‘^ 

Sodltan  potassium  (Ha  + K)  (5  analyses) 

7.0 

*».3 

1.2 

Sodium  (Ha)  (19  analyses) 

76 

16 

3.1 

Po'tasslum  (k)  (19  cmalyses) 

12 

3.1 

• 9 

Bicarbonate  (HCO3) 

123 

30 

7.0 

Sulfate  (SO4) 

109 

50 

4.9 

Chloride  (Cl) 

122 

17 

3.0 

Fluoride  (P) 

.k 

.2 

.1 

Hitra'te  (HO3) 

107! 

18 

.5 

Dissolved  solids 

716 

202 

63 

Hardness  as  CaC03 

319 

92 

18 

276 

62 

12 

1,090 

267 

82 

pH 

6.7 

— 

5.2 

Temperature  (°F) 

6b 

55 

47 

Glacial  outwaah  In  the  northern  part  of  the  basin  contains  water 
I of  Biuch  better  quality  than  that  of  the  ralley  fill.  Mors  than  half 

( the  sanpiss  wtre  soft  and  the  zwalndor  noderately  bard,  Iron  Is 

present  locally,  UBpredlctahly  distributed  In  the  aquifers/'  but 
ooBcentratlon  Is  not  sxcesslrs  In  aost  vf  the  sss^les,  Table  12, 
sviaarlslaf  analjnses  of  water  fron  glacial  outwaah  In  the  northaz^ 
part  of  the  basin,  was  prepared  from  data  furnished  by  I.  H.  Parle 
I autter  and  1.  1.  Salras  (wHtten  eomnl cation,  1977)*  Vater  froa 

I the  glacial  outwaah  In  the  nortbem  part  of  the  basin  Is  less  alner- 

alised  and  softer  than  water  in  the  walley  fill  of  the  sea,tz^  part 
of  the  baeln.  le  alao  le  the  quality  of  the ' stnw  water  In  the 
northern  part  of  the  baeln  batter  than  that  la  the  central  part. 
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Table  12.  — Soimary  of  ehemlcaO.  analyBce  of  ground  water 

from  glacial  outwaah 

^arta  per  million/ 


Maximum 

Median 

Minimum 

Rum  Mr 
of 

Sanqples 

Iron  (Pe) 

0.19 

0.03 

20 

Manganese  (Mn) 

.28 

.01 

.01 

12 

Bicarbonate  (BCO3) 

117 

33.5 

15 

18 

Sulfate  (S04) 

27 

9.3 

4 

11 

Chloride  (Cl) 

20 

k.k 

.4 

19 

Nitrate  (BO3) 

2.0 

1.4 

.1 

4 

1^5 

94 

33 

13 

Hardness  as  CaC03 

12k 

50.5 

22 

20 

pH 

7.9 

6.8 

5.8 

19 

Gleet ic  Rocks 

Of  the  clastic  formations  In  the  Delaware  River 

basin  the  Catsklll,  Stockton,  and  Brunswick  are  best  known  for  the 
generally  good  quality  of  water  yielded,  emd  of  these  three,  the 
best  water  Is  obtained  from  the  Catskill  formation.  Its  water  Is 
uniformly  as  good  as,  or  better  than, .that  obtained  from  the  glacial 
outwash  or  from  the  crystalline  rocks.  Only  a limited  number  of 
analyses  are  available  for  the  remaining  clastic  aquifers,  but  from 
the  available  analyses  It  appears  that  the  sUaJ.e  of  the  Mauch  Chunk 
formation  generally  yields  water  that  is  soft  and  net  highly  mineral- 
ized. The  Martlnsburg  shale, -the  dlocJiT'.sburg  rod  beds,  sr.tl  the  Middle  and 
upper  Devonian  marine  beds  contain  water  that  Is  not  hi^ly 
mineralized  but  that  ranges  from  soft  to  moderately  hard.  The 
waters  of  the  Allegheny  and  Conemaugh  formations  are  commonly  pol- 
luted with  acid  mine  drainage  and  even  at  some  distance  from  mines 
have  large  concentrations  of  iron  and  sulfate  resulting  from  the 
oxidation  of  pyrite.  In  5 samples  of  water,  for  example,  the  iron 
concentration  ranged  from  2.0  to  0.8  ppm.  The  chemical  character 
of  the  water  contained  In  the  lockatong  formation  appears  to  be 
about  the  same  as  that  In  the  Stockton  and  Brunswick  formations. 

Martlnsburg  Shale 

Water  from  the  Martlnsburg  shale  Is  soft  to  moderately  hard, 
the  hardness  being  mostly  of  the  noncarbonate  type.  A summary  of 
the  analyses  of  water  from  9 wells  and  springs  in  County, 

Pa.,  is  presented  in  table  13  (Rima,  0.  R.,  vritten.  ccwunl cation,  1957) 
and  two  representative  analyses  are  given  in  table  10. 


104. 


TVible  13 . — Summary  of  phemlcal  analyaes  of  9 samples  of  ground 
water' 'from  the  Martlnsburg  shale 

^arts  per  million^ 


Maximum 

Minimum 

Bodl\ai  4-  potassium  (Ra  + K) 

5.3 

0.9 

Bicarbonate  (BCO3) 

62 

16 

Sulfate  (sou) 

61 

8.3 

:;hlorlde  (Cl) 

10 

5.0 

nitrate  (WO3) 

33 

7.8 

Sardness  as  CaC03 

12U 

U3 

69 

29 

320 

121 

temperature  ( °F ) 

55 

51 

pH 

7.7 

6.3 

Catsklll  Formation 

The  Cateklll  fonaation  yields  water  of  excellent  quality,  which 
Is  used,  for  domestic,  Industrial  and  municipal  supplies,  generally 
without  trealaent.  The  water  ranges  from  very  soft  to  moderately 
hard  aitd  Is  eoamonly  low  In  iron.  A few  deep  wells  In  Wayne  County 
give  water  containing  small  quantities  of  hydrogen  sulfide.  Table 
l4,  prepared  by  D.  R.  Rina  (written  comsnmlcatlon  1957)>  stmnarlzes 
18  chemical  analyses  of  ground  water  from  the  Catsklll  formation; 
addltlaaally  two  repimseatatlve  analyses  are  given  In  table  10 . 


t 

1 


\ 


I 


105. 


liable  1*+ — Suimnary  of  chemclal  analyses  of  l8  samples  of  ground 
water  from  the  CatBklll  formation 

^arts  per  million/ 


1 

Maximum 

Average 

Minlmuir. 

Silica  (SIO2) 

13 

7.3 

4.0 

Calcium  (Ca) 

28 

11.2 

2.0 

Magnesium  (Mg) 

7.2 

3.5 

1.0 

Sodium  (Ha) 

20 

6.7 

1.0 

Potassium  (k) 

2.1+ 

l.i+ 

.5 

Bicarbonate  (HCO3) 

117 

51.2 

8.0 

Sulfate  (SO4) 

23 

6.4 

1.0 

Chloride  (Cl) 

22 

5.0 

1.0 

Nitrate  (N03) 

6.0 

2.4 

.1 

Dissolved  solids 

176 

74 

22 

Elardness  as  CaC03 

97 

44 

9-0 

Non-carbonate  hardness,  as  CaC03 

22 

9.0 

1.0 

Specific  conductance(micromhos  at  25°C) 

100 

60 

34 

pH 

7. it 

-- 

6.2 

Temperature  (°F) 

57 

50 

48 

Stockton  Formation 

Water  from  the  Stockton  formation  varies  widely  In  its  chemical 
characteristics.  The  water  commonly  has  low  to  moderate  concentra- 
tions of  dissolved  solids,  generally  less  than  kOO  ppm.  In  the  more 
hl^ly  mineralized  samples  sulfate  constitutes  a large  proportion 
of  the  anions.  This  probably  res\ilts  from  leaching  local  deposits 
of  glauberlte,  a mineral  with  the  chemical  formula  Na2SOij^3aSOk . 

Most  of  the  samples  tested  range  from  moderately  hard  to  hard.  The 
very  hard  waters  have  a relatively  large  proportion  of  noncarbonate 
hardness;  rarely  Is  the  concentration  of  Iron  objectloiiable.  Table 
15  compile^  by  D.  R.  Rlma  (written  communlca,tlon,  1957)  summarizes 
a group  of  chemical  analyses  of  ground  water  from  the  Stockton  for- 
mation; six  additional  analyses  regarded  as  typical  are  also  given 
in  table  10. 


TVible  ; ;> . — Summary  of  chemical  analyses  of  ^4  samples  of  ground 
water  from  the  Stockton  formation 


^arts  per  million/ 


Maximum 

Average 

— 

MlnlmtBn 

Slllca(8l02) 

33 

22 

8.4 

Iron  (Fe) 

2.3 

.3 

.ou 

Calcium  (Ca) 

233 

4l 

2.5 

Magnesium  (Mg) 

27 

12 

1.6 

Sodium  + potassium  (Ra  + K)  (I42  analyses) 

46 

18 

.7 

Sodium  (Na)  (12  analyses) 

37 

16 

8.1 

Potassium  (K)  (12  analyses) 

3.5 

1.6 

.5 

Bicarbonate  (HCO3) 

258 

110 

Sulfate  (S04) 

603 

82 

Chloride  (Cl) 

5U 

12 

Flxoorlde  (F) 

1.1 

.1 

.1 

Nitrate  (NO3) 

48 

11 

.4 

Dissolved  solids 

1,040 

261 

45 

Hardness  as  CaC03 

660 

161 

18 

Non-carbonate  hardness  as  CaC03 

562 

8p 

4 

Specific  conductance  (mleromhos  at  25°C) 

1,230 

385 

69 

pH 

8.5 

— 

6.0 

Temperature  (°F) 

58 

56 

53 

Brunevlck  Formation 


Ite  Brunswick  formation  produces  water  that  is  moderately  miner- 
alized and  may  range  fixm  soft  to  very  hard.  In  samples  the  hardness 
Is  mostly  of  the  non-carbonate  type.  Ilie  water  Is  suitable  for  do- 
mestic, industrial  and  municipal  use  although  softening  or  treatment 
to  rtmoT*  iron  is  often  required.  Water  from  the  Brunswick  formation 
was  alkaline  (pH  7*1  to  8.9)  In  all  23  samples,  perhaps  because  of 
the  calcareous  sandstone  and  conglomerate  associated  with  this  aquifer 
Table  1j8  was  prepaxmd  by  D.  R.  Rlaa  (written  communication, 1957)  to 
sunBajdze  a number  of  .chemical  ansdyses  of  ground  water  in  the 
Brunswick  formation;  sdso,  four  typicfd  analyses  are  given  in  table  10. 
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Table  lu.  --Suimfiarv  of  chetnica.1  analyses  of  23  parnpltrs  of  ground 

water  f rom' 

£PartB  per  million^ 


Maoclmum 

Average 

Minimum 

Silica  (SIO2) 

25 

19 

10 

Iron  (Pe) 

1.8 

.6 

•03 

Calcium  (Ca) 

190 

67 

15 

Magnesium  (Mg)  j 

112 

32 

3.8 

Sodium  + jHjtassiimi  (Na  + K)  (6  analyses) 

4.9 

.6 

Sodium  (Na)  (ll  analyses) 

T6 

18 

2 

Potassium  (k)  (ll  analyses) 

1.8 

1.0 

.2 

Bicarbonate  (HCO3) 

242 

13^ 

26 

Sulfate  (SOk) 

144 

61 

7.0 

Chloride  (Cl) 

22 

8.3 

1.0 

fluoride ' (P) 

.4 

.2 

.1 

Nitrate  (NO3) 

21 

7.2 

.4 

Dissolved  solids 

386 

297 

217 

Hardness  as  CaC03 

284 

171 

46 

Non-carbonate  hardness  as  CaC03 

158 

54 

10 

Specific  conductance  (nficromhos  at  25°C) 

594 

4o6 

172 

pH 

8.9 

— 

7.1 

Tempemture  (°P) 

56 

53 

51 

Carbonate  Rocks 


Rainwater  containing  dlssolwed  carbon  dioxide  Is  slightly  acid 
8uid  an  excellent  solvent  for  limestone  and  other  carbonate  rocks. 
Consequently  the  grouzdvater  from  the  limestone  formations  In  the 
Delaware  River  basin  characteristically  Is  moderately  mineralized 
and  hard.  The  chief  mineral  eonstltiwnts  are  calcium  and  magnesium 
bicarbonates.  Ground  water  from  carbonate  rocks  In  the  Delaware 
River  basin  usually  Is  subtly  alkaline,  low  In  Iron,  and  of  excel- 
lent quality  except  for  Its  hardness.  Thble  susnarlzes  6o  anal- 
yses of  water  from  carbonate  rocks  In  Pennsylvania.  These  Include 
many  of  the  4l  analyses  for  southeastern  Pennsylvania  discussed  bv 
Hr.ll  (193^>  P*  end  lead  to  much  the  same  conclusions.  Hall 
found  also  that  only  2 of  his  Ul  samples  contained  more  than  1 ppm 
of  Iron  and  store  than  half  contained  less  than  O.lipptt  of  Iron. 
Additional  Infonsatlon  Is  presented  In  table  giving  analyses 
from  6 samples  regarded  as  typical. 
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■nie  ratio  of  calcium  to  raagnealum  In  water  from  the  Conestoga 
limestone  Is  significantly  greater  than  In  waters  from  the 
Conococheague , CockeysvlUe,  and  other  limestone  formations. 

Water  from  the  CockeysvlUe  marble  (V  samples)  appears  to  be 
less  mineralized  than  water  from  other  limestone  formations. 

Table  17 . —Summary  of  chemical  analyses  of  60  samples  of  ground 
water  from  carbonate  rocks 


^arts  per  million/ 


Maximum 

Medium 

Average 

Minimum 

* 

Number  of 
analyses 

Silica  (8IO2) 

33 

1 

13 

13 

•t.7 

53 

Calcium  (Ca) 

107 

57 

5.6 

34 

Magnesium  (Mg) 

52 

18 

2.14- 

35 

Sodium  + Potasslum(Na+K)  29 

6.0 

8.2 

.9 

30 

Sodium  (Na) 

38 

5.7 

7.8 

1.3 

24 

Potasslvns  (k) 

7.7 

1.9 

2.5 

.6 

24 

B1 ca  rbona  te ( HCO3 ) 

388 

186 

I9h 

ki 

56 

Sulfate  (soil.) 

120 

26 

35 

2.3 

61 

Chloride  (Cl) 

58 

7.5 

13 

1.0 

58 

Nitrate  (NO3) 

73 

12 

16 

.0 

60 

Dissolved  solids 

609 

2^5 

200 

75 

35 

Hardness  as  CaC03 

508 

201 

208 

24 

56 

Specific  conductance 
(micromhos  at  25°C) 

633 

356 

369 

138 

27 

pH 

8.3 

7.6 

— 

6.0 

. 28 

Crystailllne  Rocks 

The  crystalline  rocks  of  Precambrlan  *uid  early  Paleozoic  age 
In  the  Delaware  River  basin  yield  excellent  water  that  Is  low  in 
dissolved  solids  and  hardness.  See  table  1.0  for  typlceul  sample 
analyses.  .With  the  exception  of  Iron,  which  Is  locally  present  In 
excessive  concentrations  (more  than  3 PP>»  1°  some  samples),  the 
water  contains  ho  objectionable  mineral  Impurities. 

Water  samples  from  U wells  In  diabase,  all  near  Quakertown,  Pa., 
had  from  66  to  398  ppm  of  dissolved  solids,  32  to  272  ppm  of  hardness 
as  CaCp^  and  0.I6  to  l.U  ppm  of  total  Iron.  These  are  calcium  and 
magneslian  bicarbonate  waters. 


Sruiiples  of  water  from  4 wells  and  1 spring  In  rjnetss,  in  Bucks, 
Delaware,  Lehigh,  and  Northampton  Counties,  Pa.,  had  from  51  to  26l 
ppm  of  dissolved  solids,  I3  to  174  ppm  of  hardness  as  CaCO^,  and 
0.03  to  0.74  ppm  of  iron.  The  samples  with  large  concentrations 
of  dissolved  solids  have  large  concentrations  of  nitrate  or  chlor- 
ide also.  This  is  probably  indicative  of  contamination  from  barn- 
yc.rds  or  cesspools. 


Table  iB . - - Cuimnary  of  chemical  analyses  of  18  sa’-iples  of  ground 
wat.er  from  crystalline  rocks 

^Parts  per  million/ 


I'laxlmimi 

Ave  rage 

Minimum 

35 

18 

8.7 

3.4 

.67 

.02 

22 

12 

2.9 

9.9 

5.3 

1.3 

21 

8.6 

2.2 

4.4 

2.2 

.4 

lOB 

35 

8.0 

48 

20 

.3 

4o 

10 

1.0 

.2 

. 1 

0 

34 

12 

•3 

246 

118 

51 

108 

55 

L3 

71 

27 

0 

3»t 

167 

64 

7.9 

-- 

5-2 

58 

54 

52 

Wlssahickon  FomatiOn 


Good  wator  is  obtained  from  the  Wlssahickon  formation  in  Penn- 
sylvania and  Delaware.  The  water  is  not  highly  mineralized,  unless 
contaminated;  10  or  12  samples  contained  less  than  100  ppm  of  dis- 
solved solids.  The  water  is  soft  or  only  moderately  hard,  with  low 
chloride  concentration.  'Phree  samples  from  Delaware  County,  Pa. , 
and  1 from  Bucks  County,  Pa.,  contained  excessive  concentrations 
of  iron,  but  7 of  the  12  seimples  contained  less  than  0.3  PPm  of 
iron.  'Ilie  harder  waters  generally  have  the  higher  <’oncentrations 
of  sulfate.  According  to  Hall  (1934,  p.  27)  excessive  hanlness  is 
someMtr)f;s  due  to  pefynatlte  dikes  which  contain  large  percentages 
of  lime-soda  feldspar.  On  the  whole,  however,  the  vmter  contained 
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in  the  ’..'issahickon  fonijation  is  uniformly  of  good  quality.  Springs 
in  the  I’issahickon  formation  on  occasion  become  polluted,  as  in  the 
fall  of  1957  v;hen  (Philadelphia  Inquirer,  lC/lC/57)  75  springs  issu- 
ing from  the  V.'issahickon  formation  in  Fairmount  Park,  Philadelphia, 
Pa,,  were  posted  (closed  for  use).  Pollution  of  these  springs  in  a 
highly  residential  neighborhood  probably  stems  largely  from  leaky 
severs.  In  table  19  arc  summarised  16  analyses  of  water  from  the 
h'issahickon  formation,  and  in  table  10  arc  6 analyses  that  arc  re- 
garded as  representative  of  the  formation. 

Table  19.  - Sumniary  of  chemical  analyses  of  16  samples  of  ground 

water  fror.i  tltc  VJissahickon  forr.ation 
/jParts  per  million/ 


Maximum 

Median 

Average 

Minimum 

Number  of 
samples 

Silica  (SiC2) 

36 

20 

20 

7.3 

12 

Iron  (Fc) 

8.7 

,22 

1.8 

,0A 

12 

Calcium  (Ca) 

lA 

6.1 

7,9 

3. A 

12 

Magnesium  (Mg) 

8.3 

3,5 

3.9 

1.7 

12  j 

Sodium  (Na) 

8.3 

5.6 

5.1 

2.8 

Potassium  (K) 

2.C 

1 . 6 

1.6 

•7 

“ 1 

Bicarbonate  (HCO-j) 

70 

31 

35 

8.5 

16  j 

Sulfate  (SO/j) 

60 

10 

19 

2.7 

16  ; 

Chloride  (Cl) 

16 

5.3 

5.6 

1,8 

16 

Nitrate  (NO3) 

34 

6.6 

8.7 

.3 

12  1 

Dissolved  solids 

15 'i 

73 

80 

AO 

^2  i 

Hardness  as  C3CO3 

102 

'.A 

A7 

15  I 

pH 

6.9 

6.3 

-- 

5.9 

7 

III  THE  SERVICE  AdEA  OUTSIDE  THE  BASIN 

FAIRFIELD  COUKTY,  CONNECTICUT 
by  R.  V.  Cus  liman 

Introduc  tion 

Fairfield  County  occupies  an  area  of  about  633  square  miles  in 
southv;estern  Connecticut  that  is  bounded  chiefly  by  Long  Island 
Sound,  the  Housatonic  River  and  the  New  York  State  border  (pi.  17) 
The  estimated  1957  population  of  597,900  for  the  county  is  largely 
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ur' an  and  suburban  and  is  engaged  in  industrial  and  commercial 
activities.  Bridgeport,  StAraford,  Danbury,  and  Nor^valk  are  the 
largest  cities.  The  Increasing  demands  for  water  by  the  growing 
population  and  expanding  industry  of  Fairfield  County  are  respon- 
sible f6r  its  being  placed  within  the  service  area  of  the  Delaware 
River  lesin.  It  is  estimated  in  a report  of  the  Connecticut 
Water  Resources  Commission  (1957)  that  the  county  will  have  a 
demand  for  152.2  million  gallons  of  water  daily  by  the  jear  2000. 

Principal  sources  of  published  information  on  the  water  re- 
sources, especially  on  the  ground  water  6f  Fairfield  County,  are 
given  by  Gregory  and  Ellis  (I916);  Palmer  (1920);  Leggette  and 
others  (I938);  Rodgers,  Gate,  Cameron  and  Ross  (1956);  New  England- 
New  York  Interagency  Commission  (l95^)j  and  Connecticut  Water  Re- 
sources Commission  (1957)* 

Considerable  unpublished  information  is  available  from  the 
U.  S.  Geological  Survey  and  the  Connecticut  Geological  emd  Natural 
History  Survey. 


Physical  Features 

The  surface  of  Fairfield  County  is  generally  a low  rolling 
plain  sloping  gradually  southward  to  Long  Islauid  Sound.  iThe  ter- 
rain is  typically  flat  within  a narrow  coastal  strip  along  Long 
Island  Sound  but  is  rolling  and  deeply  dissected,  by  major  streams 
for  the  remaining  area.  The  northeastern  third  of  the  county  is 
within  the  drainage  basin  of  the  Housatonic  River.  Most  of  the 
remainder  of  the  county  is  drained  by  coastal  streams  of  which  the 
most  Important  are  the  Byram,  Mianus,  Norwalk,  Pequonnock,  and 
Saugatuck  Rivers.  The  largest  of  these  is  the  Saugatuck. 

General  Geology 

The  area  is  xjnderlain  by  a wide  variety  of  consolidated  rocks 
cohBlstlng  chiefly  of  gneiss,  granite  gneiss,  schist,  and  dolomltlc 
marble,  all  of  p re -Carboniferous  age.  The  distribution  of  the  several 
edrock  units  is  shown  on  the  preliminary  geologic  map  of  Connecticut 
(Rodgers  and  others,  I956).  The  bedrock,  though  consisting  of  rocks 
of  different  kinds,  is  generally  dense,  comi)act,  and  has  a low  poros- 
ity; however,  it  is  broken  by  Joint  openings  which  provide  the  avail- 
able space  for  ground-water  storage  and  transmission. 

The  bedrock  is  exposed  at  numerous  places,  but  elsewhere  it  is 
overlain  by  glacial  deposits  of  the  Pleistocene  epoch.  These  un- 
consolidated glacial  materials  consist  of  unstratified  till  and 
stratified  drift  or  outwash.  The  till  consists  of  a mixture  of 
boxilders,  sand,  silt,  and  clay  lacking  sorting  8uid  bedding.  It 
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lies  directly  on  bedrock  and  ranges  In  thickness  from  a few 
Inches  to  as  much  as  50  or  6o  feet.  It  usually  has  a low  permea- 
bility owing  to  its  unsorted  character,  the  small  rock  particles 
filling  spaces  between  larger  ones. 

The  etretlfled  drift  coneiete  of  Irregularly  bedded  depoelte 
of  gravel  and  sand  and  minor  amounts  of  silt  and  clay;  the  entire 
sequence  was  deposited  by  melt  water  from  glacial  Ice  sheets.  Be- 
cause of  the  sqrting  action  of  flowing  waters,  stratified  drift 
generally  transmits  water  readily  and  is  the  most  permeable  of 
the  aquifers  in  the  county.  The  stratified  drift  occurs  chiefly 
In  valleys  where  It  may  have  a thickness  exceeding  100  feet,  but 
It  occurs  also  as  a thin  patchy  veneer  over  many  of  the  coastal 
flats  bordering  Long  Island  Sound.  CJenerally  the  areas  underlain 
by  stratified  drift  are  essentially  the  same  as  those  shown  by 
horizontal  njllng  on  the  map  (pi.  4.7 Ibe  most  extensive  de- 
posits are  those  bordering  Long  Island  Sound  and  the  Housatonic 
River  In  the  vicinity  of  Bridgeport,  and  those  underlying  the 
Still  River  valley  In  the  Dainbury-New  Milford  area. 

Ground -Water  Sources 


The  principal  sources  of  ground  water  in  Faiirfield  County  ore 
the  bedrock  formations  and  the  unconsolidated  glacial  deposits. 

Because  the  bedrock  Is  dense  auid  compact,  ground  water  is 
stored  in,  and  moves  mostly  along.  Joint  cracks  and  other  similar 
fracture  openings.  Therefore,  the  success  of  a well  drilled  In 
bedrock  depends  upon  whether  It  tape  open  fractures  filled  with 
water,  and  whether  such  openings  are  Interconnected  In  a sizable 
voloime  of  rock.  These  openings  are  distributed  in  such  a haphaz- 
ard manner  that  it  Is  generally  not  possible  to  predict  in  advance 
of  drilling  where  the  greatest  yield  of  water  can  be  obtained. 
Information  on  the  yields  of  drilled  wells  in  bedrock  in  Fairfield 
County  is  available  from  the  published  data  and  from  a large  num- 
ber of  well-completion  reports  filed  with  the  State  Water  Resources 
Commission  by  well  drillers  In  the  area.  The  reported  yields  of 
Individual  wells  range  from  less  than  1 gpra  (l,44o  gpd)  to  a max- 
Imvan  of  100  gpm  ( 144,000  gpd);  however.  If  a well  yielding  100  gpm 
initially  were  pumped  over  a considerable  length  of  time  the  yield 
quite  likely  would  decrease.  The  average  yield  Is  about  8-10  gpm, 
which  Is  sufficient  for  most  domestic  svipplles.  Little  difference 
Is  noted  in  the  water-bearing  capacity  of  the  several  bedrock  lonlts 
even  the  dolomltlc  marble  shows  about  the  same  yields  as  other  crys 
talllne  rocks.  Thus,  although  the  crystalline  bedrock  is  widely 
used  as  a source  of  domestic  water  supply  because  of  its  widespread 
occurrence  In  the  county.  It  may  be  expectad  to  yield  quantities  of 
ground  water  sufficient  only  for  small  municipal.  Industrial,  and 
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agricultural  supplies.  A number  of  industrial  plants  in  Bridgeport 
and  Stamford  augment  water  purchased  from  municipal  supplies  with 
ground  water  from  drilled  wells  in  bedrock.  Heavy  pumping  from  a 
n'umber  of  these  wells  located  close  to  tidewater  has  resulted  in 
a local  Increase  in  the  chloride  content  of  the  ground  water. 

The  quality  of  natural  ground  water  from  bedrock  is  adequate 
for  most  purposes.  'Phe  water  generally  is  only  moderately  hard, 
although  water  from  the  dolomltlc  marble  may  be  hard  to  very  hard. 

Wells  in  the  glacial  till  in  Fairfield  County  generally  yield 
less  than  3 gpn*-  Because  of  its  widespread  occurrence  in  upland 
iections  it  is  an  important  potentlail  source  of  small  water  supplies 
for  domestic  and  stock  uses.  These  supplies  are  commonly  obtained 
from  dug  wells.  Throughout  much  of  the  area,  however,  the  till  is 
thin,  of  small  storage  capacity,  and  of  low  permeability;  therefore 
it  furnishes  rather  undependable  supplies.  Consequently  the  genersUL 
practice  is  to  drill  through  the  till  into  the  underlying  bedrock 
for  wator. 

The  deposits  of  stratified  drift,  where  they  consist  of  sand 
and  gravel,  are  by  far  the  most  Important  water-bearing  formations 
in  Fairfield  County,  and  are  potential  sources  for  additional 
water  supplies  for  agriculture,  industries,  and  small  municipal- 
ities. The  sand  aiid  gravel  are  quite  permeable  and  readily  absorb 
and  store  a large  percentage  of  the  local  precipitation.  The  ex- 
pectable yield  of  modem  large -diameter  drilled  wells,  within  the 
more  promising  areas  shown  in  plate  .7  is  generally  between  100 
and  500  gpm,  althoiigh  yields  cither  gieater  or  smaller  than  the 
limits  Indicated  have  'neen  measured.  These  areas  have  not  been 
tested  sufficiently  to  permit  an  accurate  areal  evaluation  of  well 
yields,  and  particularly  of  sustained  yields.  'Where  finer  grained 
materials  predominate  in  the  deposits,  wells  may  yield  less  than 
the  limits  given,  but  where  the  deposits  are  composed  of  coarse- 
grained sand  and  gravel,  properly  constructed  wells  may  yield  a 
million  gallons  a day  or  more.  Where  the  wells  are  favorably  lo- 
cated with  resjject  to  sources  of  recharge  such  as  perennial  streams, 
long-t.enn,  high,  sustained  yields  may  be  expected.  For  example, 
several  wells  of  the  Bridgeport  Hydraxillc  Co.,  that  penetrate  sand 
and  gravel  deposits  ad,5acent  to  the  Hou.satonlc  Biver  in  Shelton, 
are  reported  to  have  been  pumped  at  rates  exceeding  700  gpm  (l  mgd) 
per  well  for  long  periods.  These  wells  are  used  to  augment  the 
extensive  surface-water  supply  system  for  the  Bridgeport  area.  In- 
sofar ns  is  known,  ground  water  in  stratified  drift  in  most  of  the 
valleys  Is  in  hydraulic  continuity  with  adjacent  streams.  Ordin- 
arily, of  course,  ground  water  in  these  deposits  moves  toward  and 
sustains  the  flow  of  the  streams,  but  where  heavy  pumping  occurs 
in  aquifers  near  the  streams  the  hydraulic  gradient  may  be  reversed 
and  the  river  water  flows  from  the  streams  toward  the  w-l.ls. 


115 


i 


Heavy  pumping  from  wells  adjacent  to  streams  that  are  polluted 
or  close  to  tidewater  may,  therefore.  Induce  water  of  undesirable 
quality  to  move  Into  fresh  ground-water  bodies  and  adversely  affect 
their  use  for  most  purposes.  This  has  taken  place  where  wells  pene- 
trating outwash  In  the  coastal  area  of  Bridgeport  have  been  pumped 
heavily. 

The  qvjality  of  natural  ground  water  from  stratified  drift  or 
outwash  is  suitable  for  most  uses;  however,  the  iron  concentration 
may  :e  somewhat  high  In  some  localities. 

Magnitude  of  Water  Supply 

Ground  water  of  Fairfield  County  Is  practically  all  derived 
from  rainfall  and  snowmelt  of  local  preclplation.  About  U8  inches 
of  precipitation  falls  annually  in  the  county,  amounting  to  an 
average  of  about  1,400  mgd  or  0.520  tgy.  Of  this,  26  itiches,  or 

0. 280  tgy  is  discharged  as  direct  and  ground -water  runoff  in  streams; 

1. he  rest,  22  inches,  or  about  0.240  tgy  is  lost  by  evapotransplra- 
tlon.  This  assumes,  of  course,  no  storage  changes  of  consequence 
In  ground  water  or  soil  moisture.  Of  the  O.280  tgy  runoff,  about 
half  is  discharged  as  storm  (direct)  runoff  auad  the  remainder  ap- 
pears as  base  flow  in  the  streams  (table  20 ). 

Public  Water-Supply  Systems  Using  Ground  Water 

At  the  present  time,  a ’’umber  of  smaller  community  systems  in 
the  Housatonic  River  basin  part  of  Fairfield  County  are  supidied 
entirely  from  ground  water.  These  systems  generally  furnish  less 
than  35  gpm  to  their  consumers,  although  the  State  Hospital  at 
Newtown  is  reported  to  pump  about  350  gpm.  Several  of  the  large 
put  Lie  water-supply  systems  pump  ground  water  to  augment  s\xrface- 
wa^er  sources  during  periods  of  peak  demand  and  low  flow.  The 
largest  of  these  is  the  Bridgeport  Hydraulic  Co.,  which  has  a 
nuTi'^r  of  wells  located  throughout  its  franchise  area. 

DOTCHEES,  ORANGE,  PUTNAM,  ROCKLAND,  ULSTER,  AND  WESTCHESTER 

COUNTIES,  NEW  YORK 

by  N.  M,  Perlmutter 
Introduction 

i')a’  chess.  Orange,  Putnam,  Rockland,  Ulster,  and  V.'estchester 
Coun*  lea  together  comprise  a-n  area  of  about  3»76o  square  miles  in 
scu  t., astern  New  York  (pi.  I8  and  table  20).  With  the  exception 
of  .-/tl-..  il  parts  of  Ulster  and  Orange  Counties,  which  lie  in  the 
Delawii  -e  River  basin,  the  area  la  entirely  In  the  adjoining  Hudson 
River  : asin.  Some  of  the  ccuntles  are  relatively  densely  populated 
and  use  substantial  quantities  of  ground  water.  Owing  to  their 
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potentialities  for  Increase  In  population  and  corresponding  in- 
crease in  vater  use,  these  counties  are  considered  to  be  vlthln 
‘he  sen/lce  area  of  the  Delaware  River  basin.  Accordingly,  a brief 
suramary  of  ground-water  conditions  and  of  the  total  water  resources 
within  these  counties  is  pertinent  to  the  i i investigation 
of  the  water  resources  of  the  Delaware  River  basin. 

Table  20,  which  sununarizes  water -re sources  values  for  this  part 
of  the  service  area  (including  Fairfield  County,  Conn.)  shows  that 
on  an  average  *nnnii.l  basis  approximately  U-6  Inches  of  rain,  and 
snow  equivalent  to  rain,  falls  on  nearly  4,1*00  sqijare  miles  of 
these  counties  In  New  York  and  Connecticut.  This  is  about  eqtial 
to  9,300  mgd,  or  3.4  tgy.  However,  about  22  inches  is  lost  by 
evapotransplratlon.  This  amounts  to  about  1.6  tgy.  The  rest  of 
the  precipitation,  about  24  inches,  or  about  1.8  tgy  runs  off  In 
the  streams . 

Asselstlne  and  Grossman  (1955)  and  Grossman  (1957)  have  pre- 
pared published  reports  for  two  of  the  counties  Nr- 
Westchester  anri  Putnam  Reports  are  In  preparation  by  the  U.  S. 
Geological  Survey  for  Dutchess  and  Rockland  Counties,  but  no 
Investigations  have  been  started  in  Orange  and  Ulster  Counties. 

A considerable  amount  of  unpublished  ground-water  auid  geologic 
data  on  these  counties  is  in  files  of  the  U.  S.  Geological  Survey 
either  at  Albany  or  at  Mlneola,  N.  Y.  The  following  descriptions 
of  '^he  general  geology  auad  water-bearing  characteristics  of  the 
aquifers  in  each  county  are  based  partly  on  examination  of  mis- 
cellaneous unpublished  data  of  the  Geological  Survey,  published 
bulletlKS  of  the  New  York  State  Water  Power  and  Control  Commission, 
and  of  the  New  York  State  Musemi,  the  geological  map  of  New  York 
State  t. Merrill,  1901),  and  field  observations  of  the  writer, 
particularly  In  Itockland  and  Orange  Counties. 

Dutchess  County 

Dutchess  County  contains  approximately  8l6  square  miles.  The 
permanent  population  was  137>000  in  1950  and  about  158,000  In  1955 • 
The  land  surface  In  most  of  the  county  Is  a gently  rolling  plain 
ranging  In  aJtitxjde  from  about  sea  level  along  the  Hudson  River  to 
about  500  feet  It  the  Interior.  The  southern  border  of  the  county 
is  formed  by  the  Hudson  Highlands,  a part  of  the  New  England  Upland 
(pi.  3)>  which  reaches  an  altitude  of  more  than  1,600  feet. 

General  Geology 

Dutchess  County  is  vinderlaiu  by  igneous,  metamor- 

phic,  and  sedimentary  rocks  ranging  In  age  from  Precambrian  to 
Oidovlclan.  The  rocks  are  closely  folded  and  have  a northeasterly 
strike. 
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The  main  beirock  units  are:  (l)  uniiifferentiated  granite,  gneiss, 

and  diorite  of  Precambrian  age  which  crop  out  mainly  along  the 
southern  border  of  the  county;  (2)  an  argillaceous  (clayey)  \mlt  his- 
torically' known  as  the  Hudson  River  formation  (now  abandoned)  which, 
as  defined  (Vanuxem,  1842)  in  this  county,  includes  shale,  slate, 
phyllite,  and  schist  of  the  Nassau  and  Schodack  formations  of  Early 
Cambrian  age,  and  the  Deepkill  and  Normanskill  formations  of  Ordovic- 
ian age;  and  (3)  scattered  elongate  belts  of  the  Cheshire  quartzite 
of  Early  Camlirian  age,  and  the  Stockbridge  lunestone,  a metamorphosed 
carbonate  rock  formation  of  Cambrian  and  Ordovician  age.  The  Hudson 
River  formation  of  former  usage  is  the  most  widely  distributed  bed- 
rock unit  which  occurs  in  the  Valley  and  Ridge  province  as  a north- 
ward extension  of  the  Great  VeULley  in  Pennsylvania  (pi.  3 )•  Uncon- 

solidated deposits  of  till  and  outwash  of  Pleistocene  age  cover  most  of 
the  bedrock  surface,  being  thinner  on  the  uplands  and  deeper  in  the 
valleys . 


Water-bearing  Characteristics  of  the  Deposits 

Ground  water  occurs  in  the  till,  outwash,  and  bedrock.  Deposits 
of  till  range  in  thickness  from  less  than  a foot  to  100  feet  or  more. 
Yields  of  wells  in  till  average  only  a few  gallons  per  minute.  De- 
posits of  outwash  composed  of  sand  and  gravel  yield  the  largest  quanti- 
ties of  water.  Most  of  these  deposits  are  restricted  to  ma,1or  valleys. 
Yields  of  3^  wells  screened  in  outwash  range  from  10  to  600  gpm  and 
average  about  100  gpm.  Where  in  hydraulic  continuity  with  th<»  valley 
streams,  the  outwash  deposits  are  capable  of  sustained  high  yields. 

About  90  percent  of  the  existing  wells  tap  the  Hudson  River  forma- 
tion of  former  usage  or  the  Stockbridge  limestone.  Yields  of  439 
wells  tapping  the  Hudson  River  formation  of  former  usage  range  from 
0 to  300  gpm  and  average  about  19  gpm.  Yields  of  153  welJls  tapping 
the  Stockbridge  limestone  range  frim  0 to  220  gpm  and  average  about 
22  gpm.  Yields  from  the  other  bedr: ;k  units  average  about  12  gpm. 

Public-supply  systems  serve  approximately  one-half  the  popula- 
tion of  Dutchess  County.  Most  of  the  water  used  is  taken  directly 
from  surface-water  sources.  Sixteen  public-supply  systems  tap 
ground -water  sources  wholly  or  in  part,  but  some  of  the  yield  from 
wells  is  derived  frean  streams  as  Induced  recharge  where  well-pumping 
influences  (cones  of  depression)  reach  stream  courses. 

Magnitude  of  Water  Supply 

Nearly  all  the  ground  water  is  derived  from  precipitation  within 
the  county.  One  inch  of  rain,  or  of  snow  having  a water  content 
equivalent  to  1 inch  of  rain,  falling  on  1 square  mile  yields  about 
17  million  gallons  of  water.  Thus,  with  an  average  precipitation  of 
about  42  inches  falling  on  the  8I6  square  miles  of  Dutchess  County, 
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a total  of  l,o00  mgd  or  about  'pQ0,000  million  gallons  of  water  is 
received  each  year.  Of  this,  l8  inches,  or  about  0.250  tgy  becomes 
runoff;  and  2k  inches,  or  about  0.3^0  tgy  is  lost  as  evapotranspira- 
tion.  In  the  above  estimates  it  is  assmed  that  changes  of  water 
storage  in  the  area  are  negligible.  This  is  reasonable  because,  over 
a long  enough  period  of  time  (base  period  for  these  estimates  is  kO 
years),  changes  in  storage  balance  out  at  or  near  zero. 

Orange  County 

Orange  County  contains  an  area  of  about  846  square  miles.  The 
permanent  population  in  195^  was  about  152,000  and  in  1955  was  about 
l'S0,OOO.  The  land  surface  in  Orange  County  consists  of  four  main 
types:  (l)  a broad,  gently  rolling  plain  in  the  central  part  of  the 

county  generally  ranging  in  altitude  from  a few  feet  above  sea  level 
along  the  Hudson  River  to  about  1,000  feet;  (2)  a dissected  "highlands 
area  to  the  southeast  where  land  surface  reaches  an  altitude  of  more 
than  1,500  feet;  (3)  a narrow  northeasterly  trending  belt  of  ridges 
and  valleys  bordering  the  plain  on  the  northwest;  and  (4)  a small 
plateau  area  in  the  extreme  north'vestern  corner  of  the  county. 

General  Geology 

Orange  Covmty  is  underlain  by  consolidated  igneous,  metamorphic, 
and  sedimentarv  rocks  ranging  in  age  from  Precambrian  to  De^'/onian. 

The  rocks  are  folded  and  strike  northeasterly.  Dips 

are  gentle  to  steep.  Major  faults  occur  in  some  areas.  The  central 
two-thirds  of  the  county  is  underlain  by  gray  slaty  shale  and  sand- 
stone comprising  the  Normanskill  shal.e  and  the  Snake  Hill  formation 
of  Middle  Ordovician  age.  To  the  southeast  the  rocks  of  the  Normans- 
kill  shale  are  in  contact  with  elongate  belts  of  infolded  and  faulted 
beds  of  limestone  of  Precambrian,  Cambrian,  and  Ordovician  age,  and 
sandstone,  conglomerate,  and  shale  of  Devonian  age.  These  rocks  in 
turn  lie  on  and  against  the  complex  crystalline  rocks  of  the  Highlands 
area  which  consist  mainly  of  granite  and  gneiss.  The  beds  of  the 
Normanskill  and  Snake  Hill  are  overlain  unconfonnably  to  the  northwest 
by  the  northwesterly  dipping  rocks  of  the  Shawangunk  conglomerate  and 
High  Falls  shale  of  Silurian  age  which  form  Shawangunk  Mountain.  The 
prominent  valley  which  parallels  the  northwest  flank  of  Shawangunk 
Moxmtain  is  underlain  by  northwesterly  dipping  beds  of  limestone, 
shale,  and  sandstone  comprising  a number  of  formations  ranging  in  age 
from  Late  Silurian  to  Middle  De'/onian.  The  plateau  area  to  the  north- 
west in  underlain  by  sandstone  and  shale  of  Middle  to  Late  Devonian 
age. 


A 


The  bedrock  in  most  of  the  county  is  covered  by  a mantle  of  un- 
consolidated deposits  of  Pleistocene  age  composed  of  till  and  outwash. 
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Water-Bearing  Characterlstlce  of  the  Deposits 

Records  for  about  200  wells  and  springs  in  Orange  County  are 
available  in  the  files  of  the  U.  S.  Geological  Survey.  Most  of  the 
date  were  obtained  in  the  extreme  northwestern  part  of  the  county 
with  some  scattered  data  from  other  parts.  Thus  a detailed  apprais- 
al of  the  grouad- water  conditions  requires  considerably  more  field 
work  than  has  been  accomplished  to  date. 

The  water-bearing  deposits  are  till,  outwash,  and  bedrock.  The 
till  covers  the  upland  areas  throughout  most  of  the  county,  and 
generally  yields  small  quantities  sufficient  for  domestic  use  to 
dug  wells.  Deposits  of  outwash  sand  and  gravel  as  much  as  several 
hundred  feet  thick  occur  in  many  of  the  stream  valleys  and  lowland 
areas.  The  largest  body  of  outwash  occurs  in  the  Port  Jervis  trough 
area  (chiefly  in  the  Valleys  of  Neversink  River  and  Basher  Kill)  in 
the  northwestern  part  of  the  co\anty.  The  gravels  and  sands  of  this 
body  have  a maximum  thickness  of  more  than  200  feet  and  constitute 
a very  large  underground  natural  storage  reservoir.  Other  deposits 
of  outwash  are  relatively  untapped  and  generally  are  potential 
sources  of  substantial  quantities  of  water.  ’Where  such  deposits 
are  in  hydraulic  continuity  with  perennial  streams  their  yields 
are  hi^  and  sustained,  for  water  pumped  from  wells  in  these  de- 
posits may  be  largely  replaced  in  the  aquifer  by  induced  recharge 
from  the  streams.  The  yields  of  13  wells  screened  in  outwash 
range  from  about  3 to  300  gpm  and  average  about  85  gpm.  Larger 
yields  doubtless  are  available  in  many  places. 

Most  of  the  wells  in  the  county  are  drilled  into  bedrock.  The 
main  bedrock  aquifer  is  the  NormanskiU  shale.  Yields  of  16  wells 
penetrating  the  NormanskiU  range  from  about  2 to  60  gpir  and  average 
about  30  gpm.  Yields  of  21  wells  in  sandstone  and  shale  of  Devonian 
age  range  from  about  1 gpm  to  80  gp»n  and  average  about  20  gpm.  Yields 
of  wells  tapping  limestone  of  Cambrian  and  Ordovician  age  are  among 
the  highest  for  bedrock  aquifers.  In  11  wells,  the  yields  range 
from  about  20  to  I50  gpm  and  average  about  80  gpm.  Wells  in  granite 
and  gneiss  have  the  lowest  yields.  In  10  wells,  the  yields  range 
from  about  1 to  25  gpm  and  average  about  10  gpm. 

Approximately  90  percent  of  the  water  pximped  in  the  county  is 
from  surface-water  sources.  Thirty  public -supply  systems  ranging 
from  small  real  estate  developments  to  municipalities,  pump  water 
wholly  or  in  part  from  wells  and  springs.  Grovind  water  is  also  used 
for  domestic,  agricultural,  and  some  industrial  purposes. 
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Magnitude  of  Water  Supply 

Ground  water  within  the  county  1b  derived  almost  entirely  from 
precipitation  falling  on  Its  846  square  miles  of  the  area.  Receiv- 
ing an  average  of  about  44  Inches  of  precipitation  a year,  the  total 
rainfall  amounts  to  about  1,700  mgd  or  O.63O  tgy.  Of  this,  20  Inches 
or  about  0.290  tgy  becomes  runoff  and  the  rest,  24  Inches  or  about 
0. 3**^0  tgy,  assuming  no  essential  water-storage  change  In  the  aq\ilfers 
and  soil.  Is  lost  by  evapo transpiration. 

Putnam  Coxinty 

From  a report  by  Grossman  (1957)  on  the  ground -water  resources  of 
Putnam  County  most  of  the  following  data  are  summarized. 

, Putnman  County  contains  an  area  of  235  square  miles.  The  perma- 
nent popiilatlon  In  1953  about  20,000  and  In  1955  was  about  2d,0Q0. 
The  county  Is  In  the  Hudson  Highlands,  a dissected  belt  of  low  moun- 
tains which  rise  from  about  sea  level  along  the  Hudson  River  to  as 
much  as  1,400  feet  In  the  upland  areas.  Valleys  In  the  Highlands 
generally  are  narrow  emd  straight. 

General  Geology 

The  bedrock  underlying  Putnam  County  consists  of  folded  and 
faulted  consolidated  Igneous  and  metamorphlc  rocks  ranging  In  age 
from  Precambrlan  to  Ordovlclem.  More  than  90  percent  of  the  bed- 
rock Is  composed  of  undifferentiated  granite  and  gneiss  of  Pre- 
cambrlan age.  The  remainder  consists  of:  (l)  scattered  dlorlte 
bodies  of  the  Pochuck  gabbro  gneiss  of  Precambrlem  age,  (b)  the 
Stockbrldge  limestone  of  Ceunbrlan  and  Ordovician  age,  and  (c)  the 
arglllacecus  and  schistose  beds  of  Ordovician  age.  The  consoli- 
dated rocks  are  overlain  by  an  irregular  mantle  of  unconsolidated 
glacial  deposits  of  outwash  and  till  of  Pleistocene  age,  which  have 
an  Irregular  distribution  and  thickness.  In  the  xipland  areas  the 
till  generally  Is  less  than  30  feet  thick  but  in  some  valleys  may  be 
as  much  as  200  feet  thick.  Outwash,  consisting  chiefly  of  sand 
and  gravel,  underlies  large  stream  valleys.  In  some  places  the 
glacial  deposits  largely  consist  of  slit  and  clay. 

Water-Bearing  Characteristics  of  the  Deposits 

Ground  water  occurs  In  the  till,  outwash,  and  bedrock.  Records 
of  a few  wells  In  till  Indicate  an  average  yield  of  about  2 gpm, 
which  Is  an  Indication  of  the  low  permeability  of  these  deposits. 

Many  wells  In  till  go  dry  during  periods  of  low  rainfall  owing  to 
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decline  of  the  water  table.  Yields  of  50  wells  tapping  outwash 
sand  and  gravel  range  from  about  1 to  ^4-50  gpm  and  average  about 
30  pgm. 

The  yields  of  about  370  wells  pene*- rating  bedrock  range  from  0 
to  about  120  gpm  and  average  about  12  gpm.  Most  of  the  wells  tap 
granite  and  gnelis.  IbRre  Is  little  difference  in  the  average  yields 
of  wells  tapping  the  principal  bedrock  units. 

About  one -third  of  the  total  estimated  pumpage  of  1.5  mgd  was 
from  ground-water  sources.  Eleven  public-supply  systems  use  ground 
wc‘er  wholly  or  in  part.  Ground  water  also  is  used  for  domestic, 
agricultural  and  some  Industrial  purposes. 

Magnitude  of  the  Water  Supply 

Annually,  over  the  235  square  miles  of  Putnam  County  there  is 
an  average  precipitation  of  about  46  Inches  equivalent  to  about 
500  mgd  or  0.l80  tgy.  However,  24  inches,  or  atxjut  |D.095  tgy  is 
available  as  nmoff.  The  rest,  about  22  inches,  or  about  O.085 
tgy,  is  lost  a^  evaiw transpiration.  These  values  are  based  on 
about  40  years  of  record,  a long  enough  period  of  time  so  that 
changes  of  water  storage  in  aquifers  and  in  the  soli  can  be 
neglected. 


Rockland  County 

Rocklemd  County  contains  approximately  201  square  miles.  The 
pet-manent  population  in  1950  was  about  89,000  and  1955  was  about 
106,000.  Land  surface  ranges  in  altitude  from  about  sen  level 
along  the  Hudson  River  in  the  eastern  part  to  about  1,200  feet  in 
the  mountainous  northwestern  part.  The  eastern  two-thirds  of  the 
county  is  a gently  rolling  plain  which  is  bordered  on  its  eastern 
margin  by  a narrow  curving  ridge  that  rises  as  much  as  700  feet 
arove  the  plain.  The  plain  terminates  against  the  rugged  highland 
area  of  the  .’lamapo  Mountains  in  the  northwestern  part  of  the  county. 

General  Geology 

Rockland  County  is  underlain  by  igneous,  sediment-ary,  and  meta- 
•X)r-phic  rocks  ranging  in  age  from  Precambrian  Ordovician  and 
Trlassic.  The  eastern  two-thirds  of  the  county  is  underlain  by 
‘ eds  of  conglomerate,  sandstone,  and  shale,  and  associated  igneous 
rxjcks  of  Trlassic  age.  The  sedimentary  rocks  are  part  of  the 
Newark  group.  The  largest  differentiated  unit  of  Igneous  rocks 
is  the  Palisade  diabase,  a sill,  intr’jded  in  the  eastern  part  of 
he  co'int;/  In  Trlassic  time.  The  rocks  of  Trlassic  age  dip  north- 
westerlv  and  terrdnate  along  a major  fault  marking  the  southeastern 
torder  of  a r;elt  of  crysialline  rocks  of  Precambrian  age.  The 
crystalline  rocks  consist  mostly  of  granite  and  gneiss.  A small 


area  In  the  northeastern  part  of  the  county  is  underlain  by  an  in- 
folded and  faulted  body  of  rocks  of  Cambrian  and  Ordovician  age 
consisting  of  beds  of  quartzite,  limestone,  and  phylllte.  Glacial 
till  and  outvash  of  Pleistocene  age  cover  the  bedrock  in  most  of 
the  county.  In  some  places  the  total  thickness  of  these  deposits 
is  more  tian  300  feet. 

Water-Bearing  Characteristics  of  the  Deposits 

Ground  water  occurs  in  the  till,  outwash,  and  bedrock.  Deposits 
of  till  are  tapped  by  some  domestic  wells  which  generally  yield 
less  than  5 Kpro.  Deposits  of  outwash  composed  of  sand  and  gravel 
are  restricted  to  major  valleys  and  yield  about  55  ^ 1,200  gpm  to 
Individual  wells.  At  some  places  the  outwash  is  composed  largely 
of  fine-grained  material  ‘which  does  not  yield  large  supplies. 

Most  of  the  wells  in  the  comity  tap  the  bedrock.  The  main 
water-bearing  rocks  are  sandstone  and  shale  aquifers,  part  of  the 
Newark  group.  Yields  of  220  wells  tapping  these  rocks  range  from 
about  4 to  1,500  gpm  and  average  about  80  gpm.  The  average  yield 
of  40  public-supply  wells  penetrating  the  Newark  group  is  about 
300  Qim.  The  water  is  moderately  hard.  Yields  of  13  wells  tapping 
the  Palisade  diabase  average  about  11  gpm.  Yields  of  37  wells 
penetrating  granite  and  gneiss  average  about  15  gpm.  Yields  from 
the  other  minor  bedrock  units  are  small,  commonly  less  than  10  gpm. 

Most  of  the  water  used  in  the  county  is  from  ground-water 
sources.  An  average  of  about  7 mgd  was  pumped  in  1955,  most  of 
which  was  pumped  for  public-supply  use.  Some  was  pumped  for  self- 
supplied  Industrial  use  and  the  remainder  was  for  domestic,  agri- 
cultural, and  other  minor  uses. 

Magnitude  of  the  Water  Supply 

Tlie  annual  precipitation  over  Rockland  County's  201  square 
miles  is  about  44  Inches.  This  amounts  to  an  average  of  about  4l0 
mgd  or  0.150  tgy.  Of  this  about  0.072  tgy,  or  21  Inches,  becomes 
runoff.  Evapotransplratlon  accounts  for  approximately  23  Inches 
of  rainfall  annually,  or  about  0.078  tgy. 

Ulster  County 

Ulster  County  contains  approximately  1,172  square  miles.  The 
permanent  population  in  1950  was  93,000  and  in  1955  was  102,000. 

Land  surface  ranges  in  altitude  from  about  sea  level  along  the  Hud- 
son River  to  over  4,000  feet  in  the  northwestern  part  of  the 
cointy.  The  eastern  half  of  the  county  is  a gently  rolling  dis- 
sected lowland.  Shawangunk  Mountain  and  some  minor  ridges  and 
valleys  which  trend  northeasterly  acn^ss  the  county  separate  the 
eagtem  iowLanu  from  the  dissected  plateau  which  forms  the 
Mo’u?.-*alnc  In  the  nor'.hwer.Mrn  half  of  the  county. 
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General  Geology 

The  bedrock  underlying  Ulster  County  Is  composed  of  folded  sed- 
imentary rocks  ranging  In  age  from  Ordovician  to  Devonlsin.  The 
rocks  In  the  eastern  half  of  the  co\mty  have  a northeasterly  and 
northerly  strike.  They  mainly  consist  of  folded  beds  of  gray  and 
black  shale  and  sandstone  which  largely  comprise  the  Normanskill 
shale  of  Ordovlcleui  age.  Unconformably  overlying  the  rocks  of 
the  Normanskill  shale  are  the  northwesterly  dipping  beds  of  the 
Shawangunk  conglomerate  of  Silurian  age.  Minor  ridges  and  Valleys 
immediately  vest  and  north  of  Shawangunk  Mountain  are  underlain  by 
folded  beds  mainly  of  marine  shale,  sandstone,  and  limestone  com- 
prising a number  of  formations  of  Late  Silurian  to  Middle  Devonlain 
age.  The  Catsklll  Mountains  area  in  the  northwestern  half  of  the 
county  is  underlain  by  relatively  horizontal  beds  of  red  and  gray 
sandstone,  shale,  and  conglomerate  of  Middle  to  Late  Devonian  age. 
The  bedrock  is  overlain  in  most  of  the  area  by  unconsolidated  de- 
posits of  till  and  outwaah  of  Pleistocene  age.  The  maximum  total 
thickness  of  these  glacial  deposits  is  more  than  200  feet. 

Water-Bearing  Characteristics  of  the  Dep>osits 

Little  is  known  of  the  water-bearing  characteristics  of  the  de- 
posits In  Ulster  Coxinty  becsMee  few  records  of  wells  and  springs 
have  been  collected  In  the  county  to  date.  As  in  other  nearby 
counties  the  main  water-bearing  units  are  outwash,  till,  and  bed- 
rock. Till  of  irregular  thickness  covers  most  of  the  upland  areas. 
Average  yields  of  wells  in  till  probably  are  a few  gallons  per  min- 
ute. Scattered  outwash  deposits  of  sand  and  gravel  occur  in  major 
valleys  and  may  yield  as  much  as  several  hundred  gallons  per  minute 
to  individual  wells,  and  where  in  hydraulic  contln\alty  with  per- 
ennial streams  their  yields  would  not  only  be  high  but  would  be 
dependable.  The  bedrock  is  the  soxirce  of  water  for  most  of  the 
wells  in  the  county.  The  yields  of  wells  tapping  bedrock  units 
probably  are  on  the  same  order  of  magnitude  as  the  yields  given 
for  the  same  units  in  Orange  Cotinty  (p.ll9). 

The  ground  water  is  used  mostly  for  public  supply,  domestic, 
and  agricultural  purposes;  a smad.1  quantity  is  used  for  industrial 
and  other  miscellaneous  purposes.  About  10  public-supply  systems 
use  ground-water  sources  wholly  or  in  part.  The  combined  groxand- 
water  pumpage  from  these  systems  averages  somewhat  less  than  ^ mgd. 

Magnitude  of  the  Water  Supply 

Precipitation  on  Ulster  Coun+y's  1,172  square  miles  ranges  from 

slightly  more  than  6o  Inches  over  the  higher  parte  of  Slide  Moun- 
tain to  5^  Inches  In  the  Overlook  Mountain  area:  it  drops  off  to 
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about,  U6  Inches  at  the  base  of  tne  Catsklli  Mountains  scarp  on  the 
east  and  from  there  eastward  gradually  diminishes  until,  at  the 
Hudson  River,  the  amount  is  about  44  to  45  inches,  the  lowest  pre- 
cipitation being  in  the  southeastern  part  of  the  county.  Average 
precipitation  over  the  entire  county  is  about  48  inches,  which  is 
an  average  of  about  2,600  mgd  or  0.9^  tgy.  Runoff  takes  about 
30  Inches,  or  0.600  tgy,  and  evapotranspl ration  losses  amount  to 
about  l8  inches,  or  0. 36O  tgy. 

Westchester  County 

Westchester  County  contains  a total  of  about  487  square  miles. 
The  permanent  population  in  1950  was  about  626,000  and  In  1955  was 
about  718,000.  The  altitude  of  the  land  surface  ranges  from  about 
sea  level  along  the  Hudson  River  in  the  western  part  of  *he  county, 
to  about  700  feet  in  the  Hudson  Highlands  in  the  northern  part. 

Land  surface  consists  mostly  of  a series  of  northeasterly-trending 
low  ridges  and  valleys. 


General  fleology 

Westchester  County  is  underlain  by  northeasterly-trending  belts 
of  closely  folded  igneous  and  metamorphlc  rocks  which  range  in  age 
from  Precambrlan  to  Ordovician  The  principal  units  are  Pre- 
cambrlan:  (l)  Fordham  gneiss,  (2)  Inwood  limestone,  eind  (3) 

Manhattan  schist.  In  addition,  relatively  small  areas  are  under- 
lain by  the  Harrison  dlorite,  Yonkers  granite,  Infolded  belts  of 
Poughquag  quar  zite,  of  Early  Cambrian  age,  Stockbrldge  limestone, 
and  slate  of  Ordovician  age,  and  miscellaneous  igneous 
rocks  such  as  granite,  pegmaa.it«,  and  undifffbrentlated  basic  in- 
trusives.  The  bedrock  in  most  of  the  county  is  covered  by  uncon- 
solidated deposits  of  till  and  outwash  of  Pleistocene  age  which 
range  in  total  thickness  from  a few  feet  to  as  much  as  200  feet. 

Water-Bearing  Characteristics  of  the  Deposits 

Ground  water  occurs  In  the  till,  outwash,  and  tiedrock  Depos- 
its of  till  having  a wide  range  in  thickness  are  extensively  dis- 
tributed on  the  upland  areas  and  in  some  valleys  The  till  has 
relatively  low  permeability  and  except  where  it  contains  large 
sandy  lenses  yields  only  a few  gallons  per  minute  to  dug  wells. 
Scattered  sizable  bodies  of  outwash  occur  In  parts  of  the  county, 
the  largest  and  thickest  of  which  are  restricted  to  major  valleys. 
The  outwash  consists  mostly  of  sand  and  gravel  but  In  places  con- 
tains much  slit  and  clay.  Outwash  deposits  of  sand  and  gravel 
yield  the  largest  svjpplles  in  the  county.  Individual  wells  screened 
in  these  deposits  rs.nge  In  yield  from  about  3 ^ Pipm  The  aver- 
age yield  is  about  200  »?pin. 
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At  least  70  percent  of  the  existing  wells  in  Westchester  County 
tap  the  bedrock.  The  average  yield  from  these  wells  is  less  than 
30  gpm.  Most  of  the  bedrock  wells  penetrate  schist  and  gneiss  and 
reportedly  have  a range  in  yield  from  about  1 to  UOO  gpm.  The  lime- 
stone is  the  most  productive  bedrock  aquifer,  particularly  where 
it  occurs  in  lowland  areas  and  is  overlain  by  water-bearing  depos- 
its of  outwash.  Yields  of  individual  wells  penetrating  limestone 
range  up  to  450  gpm.  Yields  from  other  bedrock  units  are  relatively 
low. 


Public -sxipply  systems  serve  about  90  percent  of  the  popxalation. 
The  water  is  pumped  mostly  from  lakes  and  streams.  About  21  systems 
use  ground-water  sources  wholly  or  in  part.  Wells  and  springs  also 
supply  domestic,  agricultural,  emd  some  industrial  needs. 

Asselstine  and  Grossman  {1935 > Part  I)  present  detailed  infor- 
mation on  the  wells  and  yields  of  wells  of  Westchester  County. 

Magnitude  of  Water  Supply 

Annually  on  the  average,  there  falls  on  Westchester  County's 
48T  square  miles  about  48  inches  of  precipitation.  This  is  the 
equivalent  of  about  1,100  mgd  or  nearly  0.400  tgy.  However/evapo- 
transplratlon  losses  account  for  approximately  22  inches,  or  about 
0.180  tgy,  thxiB  leaving  26  inches,  or  about  0.220  tgy  for  runoff. 

LONG  ISLAND,  NEW  YORK 
by  Gerald  G.  Parker 

Introduction 

Although  not  a part  of  the  Delaware  River  basin.  Long  Island 
is  importsuit  to  this  study  because  it  Is  a part  of  the  New  York 
metropolitan  area  which  is  in  the  Delaware  River  basin  service  area. 
Althou^  the  island  is  surroionded  by  salt  water,  an  imi»rtant  fact 
in  considering  the  development  and  use  of  water  in  large  quantities 
on  the  Island,  it  contains  in  its  huge  glacial  euid  Coastal  Plain 
aquifers  very  large  quantities  of  fresh  water.  These  could  be 
developed  for  emergency  use  in  the  New  York  City  metropolitan 
eurea  if  the  area  were  struck  by  severe  radioactive  fallout. 

In  such  an  event  all  surface  water,  and  perhaps  some  shallow  ground 
water,  would  become  unfit  for  use,  but  the  deeper  aquifers  would 
be  capable  of  producing  supplies  needed  until  surface  sources  could 
be  decontaminated. 
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The  Water  Supply 

The  total  volume  of  water  stored  In  Long  Isleuid's  aq^fers  is 
very  great,  probably  In  the  order  of  50  trillion  (5  X 10^3)  gallons. 

However,  not  all,  or  even  very  much,  of  the  water 
1b  available  for  use.  This  is  because  of  the  delicate  balance 
that  exists  between  this  large  body  of  fresh  water  on  land  and  the 
still  larger  body  of  salt  water  of  the  oceem  that  surrounds  it  on 
all  sldeF.  In  other  words,  the  salt-water  encroachment  factor  is 
the  dominant  limiting  factor  here. 

The  totsLl  quantity  of  we. ter  available  for  perennial  use,  which 
has  been  called  "safe  yield",  is  therefore  not  known,  although  it 
is  less  than  the  average  annual  return  flow  to  the  ocean  which  it- 
self is  not  precisely  known  for  all  the  Island  but  is  estimated 
in  table  21 „ 

In  an  attempt  to  place  the  water-supply  picture  in  proper  per- 
spective, table  23  and  pi.  19  were  developed.  The  values  given 
are  based  on  published  data  of  the  U.  S,  Weather  Bureau  aad  on  both 
published  and  unpublished  data  of  the  U.  S.  Geological  Survey,  but 
are  Intended  only  to  give  the  order  of  magnitiide  of  the  hydrologic 
values  involved. 

Of  general  Interest  is  the  conclusion  that  the  values  assigned 
to  Long  Island  are  of  the  same  order  of  magnitude  for  other  parts 
of  the  Coastal  Plain  covered  in  this  report  (p,  37-39)  How- 

ever, *.he  water  budget  for  Long  Island  (table  2 ) differs  in  one 
respect  from  that  for  the  Coastal  Plain  in  New  Jersey  and  Delaware 
(table  4).  In  the  water  budget  for  Long  Island,  R includes  un- 
measured, but  estimated,  ground-water  outflow  beneath  and  between 
stream  channels,  as  well  as  runoff,  and  is  designated  average, Euinxial 
return  flow  to  the  ocean.  In  the  budget  for  the  Coastal  Plain  in 
the  Delaware  River  basin  euid  adjacent  New  Jersey  and  Delaware,  R 
represents  only  runoff;  unmeasured  ground -water  outflow,  believed 
to  be  much  smaller  per  unit  area  than  that  in  Long  Island,  is  in- 
cluded in  water  loss  in  table  +. 

Table  21  indicates  that  Long  Island  receives  an  average  annual 
precipitation  of  about  2.1  mgd  per  square  mile,  which,  over  the 
1»373  square  miles  of  the  Island's  surface  amounts  anau£dJLy  to 
approximately  2,900  mgd  of  new  water.  However,  water  loss  amounts 
to  about  i mgd  per  square  mule  for  a totad  estimated  average  annual 
Loss  of  l,*i00  mgd  over  the  whole  . band.  This  leaves  only  about 
1.1  uigd  per  square  mile  ( 1,500  mgd)  of  discharge  from  aquifers  to 
streams  and  to  the  ocean  as  underground  outflow 
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Table  21. — Surmary  of  vater  resources  values,  Long  Island, 
(note: values  are  rounded  to  2 significant 
figures  and  give  only  order  of  magnitude) 


On  Long  Island  there  Is  a negligible  amount  of  direct  runoff. 

Nearly  all  the  1.1  mgd  per  aqiaai-e  mile  seeps  into  the  ground,  becomes 
ground -water  recharge  and  then,  the  aquifers  being  full  (and  by  nature 
required  to  remain  so  to  maintain  salt  water  of  the  ocean  and  sound 
In  Its  "normal"  position)  Is  discharged  chiefly  as  ground -water  out- 
flow beneath  and  between  streams  and  as  baseflow  in  streams.  Ihiis, 
the  streams  of  long  Island,  none  of  which  are  large,  are  fed  almost 
exclusively  by  ground -water  discharge. 

The  topmost  curve  of  pi. 21  Indicates  the  total  amounts  of  water 
withdrawn  from  atll  aquifers  oi  long  Island  and  projects  possible  1958) 
quantities  through  i960.  It  is  estimated  (Lusczyna.ki , written  communication) 
about  one  half  of  the  withdrawals  on  the  Islana  Is  returned  to  the 
aquifers,  therefore  the  other  half  Is,  In  essence,  consumptively 
used  by:  (l)  being  sewered  Into  the  ocean> (2)  Included  in  manufactured 
products;  (3)  lost  by  evapotranqpiratlon;  or  (4)  lost  by  other  means 
(■this  consumntive  use  includes,  of  course,  the  water  used  for  ir- 
rigation). 

To  see  how  impor'tant  'these  wi-thdrawals  and  consumptive  uses  are 
let  us  compare  the  pumps.ge  for  1957  (0.l37  tgy)  with  the  total  an- 
nual average  return  flow  (O.56O  tgy)  and  then  with  the  total  average 
return  flow  during  an  extremely  dry  year  (O  365  tgy). 


Thus:  0.137/0.560  approximately  24  percent  (normal  year) 

0.137/0.365  approxtma'tely  38  percent  (probable  driest 

year) 

If,  however,  half  the  withdrawals  are  returned  to  'the  aquifers, 
the  actual  quantities  we  have  to  deal  with  are  those  for  consumptive 

use. 

Thus:  0.69/0.560  approximately  12  -percent  (normal  year) 

0.69/0.365  approximately  19  percent  (probable  driest 

year) 

We  may  conclude,  therefore,  that  the  present  consumptive  use  on 
Long  Island  is  about  12  percent  of  the  average  annual  return  flow  and 
about  19  percent  of  'the  return  flow  during  the  driest  year  to  be  ex- 
pected. 'nils  Indlca-tes  -that  a great  deal  of  additional  development 
and  use  of  ground  water  can  be  made.  However,  If  lasting  harm  Is  not 
to  be  suffered  from  such  Increased  development,  rational  plans  must 
be  developed  and  adopted  to  prevent  overly  large  concentration  of 
development  too  near  the  shore  zones  with  resultant  salt-water  en- 
croachment. Present  studies  underway  by  the  U.  S.  Geological  Survey 
in  cooperation  irlth  the  State,  county,  and  city  governments  should 
lay  the  solid  basis  needed  for  future  safe  development. 
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Irrigation  on  Long  Island  Is  Increasing,  and  total  water  loss 
' Is  likewise  increasing.  Because  Irrigation  water  Is  largely  used 

consuaptlvely,  about  90  to  95  percent  being  lost  by  eTapotranspira- 
tlon.  It  has  em  Importance  that  most  other  uses  of  water,  not  being 
so  highly  consunqptlve,  do  not  have. 

[ According  to  the  D.  S.  Census  Bureau  (195*»^>  P*  44-49)  totsd  Irri- 

gated acreage  on  Long  Island  Increased  from  11,9^3  acres  in  1949  to 
' 37,275  acres  in  1954.  Inasmuch  as  an  estimated  average  of  6 - 7-5 

Inches  of  water  are  applied  during  the  growing  seeison,  about  1,900 
1 mgy  (6-inch  rate)  or  2,400  mgy  (7.5-lnch  rate)  were  used  in  1949, 

compeured  with  6,000  mgy  and  7,600  mgy,  respectively,  for  1954.  By 
counties,  the  Irrigation  water  use  for  1954,  at  6 - 7.5-lnch  appli- 
cation rates,  is  distributed  as  follows:  Kings  County,  13  - l6  mgy; 

Queens  County,  30  - 37  mgy;  Nassau,  190  - 24o  mgy;  Suffolk  County, 
5,800  - 7,300  mgy. 

Prevlo\isly ( table  2l)it  was  estimated  that  the  total  return  flow 
from  Long  Island  averages  about  560,000,000  mgd  and  during  an  ex- 
[ tremely  di'y  year  amounts  to  about  365,000,000  mgd.  Thus,  maximum 

use  of  water  for  irrigation,  compared  with  worst  expected  dry-year 
conditions,  is  7,500  / 365, 000, 000,  or  0.002  percent  of  the  return 
flow,  and  can  be  seen  to  be  a very  minor  item  in  the  over-all 
water  budget.  However,  much  depends  upon  where  and  In  what  quan- 
tities the  water  Is  removed  from  the  aquifers.  Should  it  be  too 
close  to  the  salt-water— fresh-water  contact  near  the  shore  area, 
salt  water  would  be  drawn  in.  In  any  case,  local  studies  would 
have  to  be  made  if  additional  large-scsLle  irrigation  supplies  wore 
to  be  developed.  Additional  pumping  would  be  feasible  only  to  the 
extent  that  it  wo\ild  not  Induce  serious  salt-water  encroachment. 

I Geologic  Structure  and  Materials 

• Although  Long  Island  is  adjacent  to  rocky  New  England,  and  its 

' bedrock  is  a continuation  of  the  same  rocks  found  on  the  malnleuid, 

the  island  is  a part  of  the  Coastal  Plain  rather  than  of  the  New 
' England  province.  As  in  New  Jersey  and  Delaware,  the  bedrock  sur- 

f face  under  the  mantle  of  sedimentary  rocks  slopes  generally  seaward; 

Ion  Long  Island,  however,  the  direction  of  the  prevailing  slope  is 

more  southerly  than  it  is  In  New  Jersey  and  Delaware.  The  dipping 
bedrock  surface  slopes  from  depths  of  only  a few  tens  of  feet  below 
• sea  level  in  northwestern  Queens  Co\mty  to  depths  of  more  than 

2,000  feet  at  and  beyond  the  south  shore  of  Suffolk  County.  In 
central  Suffolk  County  bedrock  is  about  1,400  feet  below  sea  level. 
The  overlying  huge  wedge  of  sedimentary  rocks  constitutes  the 
ground-water  reservoir  of  Long  Island,  which  contains  several 
notable  aquifers. 
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Pleistocene  Aquifers 

The  upper  geologic  layers  on  Long  Island  are  of  diverse  Ice  Age 
origin  eind  are  collectively  called  upper  Pleistocene  deposits  . 

They  underlie  almost  all  of  Long  Island  and  In  some  places  attain 
a thickness  of  about  300  feet  (pi.  19^  Lying  stratigraphlcally 
below  these  deposits  In  the  western  part  of  the  Island  Is  the 
Jameco  gravel  of  early  or  middle  Pleistocene  age. 

The  Upper  Pleistocene  Aquifers 

On  the  basis  of  their  origin  and  lithology  the  upper  Pleistocene 
deposits  are  assigned  to  three  categories,  each  of  which  may  be  con- 
sidered an  aquifer:  (l)  Glacial  moraines,  forming  two  sub-parallel 
ridges.  Harbor  Hill  on  the  north  and  Ronkonkoma  on  the  south,  ex- 
tending almost  the  length  of  the  Island;  (2)  glacial  outwash,  form- 
ing a stratified  sheet  plain  on  most  of  the  south  side  of  the  Island, 
south  of  the  Ronkonkoma  moraine;  and  (3)  a complex  deposltlonal  se- 
quence lying  both  between  the  Harbor  Hill  and  Ronkonkoma  moraines 
and  also  to  the  north  of  the  HarbOi  Hill  moraine. 

Glacial  moraines 


The  Harbor  Hill  moraine  extends  from  Kings  County  out  along  the 
North  Fork,  and  the  Ronkonkoma  moraine  extends  from  western  Nassau 
County  out  along  the  South  Fork  (pis.  19  and  20)  In  their  western 
parte  the  deposits  of  these  two  moraines  carry  local  bodies  of 
perched  ground  water  on  clayey  members,  but  to  the  east  there  Is 
less  clay,  and  the  gravels  and  sauids  are  quite  permeable  and  appar- 
ently allow  ready  movement  of  water  through  their  Interstices. 

Glacial  outwash 


The  outwash  deposits  lying  between  the  south  shore  and  the  Rcn- 
konkoma  moraine  are  mostly  sand  and  gravel  and  generally  are  very 
permeable.  Near  the  shore,  and  beyond,  there  are  Intercalated  layers 
or  lenses  of  marine  clay  of  relatively  low  permeability. 

Glacial  complex 

The  complex  of  glacial  deposits  In  the  northern  part  of  Long 
Island  consists  mostly  of  stratified  sand  and  gravel,  parti-  ul  out- 
wash origin,  but  there  are  also  Included  two  units  of  clayey  till, 
one  In  the  middle  of  the  sequence  and  the  other  at  the  lauid  surface. 
It  will  require  a great  deal  of  detailed  field  and  laboratory  study 
to  separate  those  units,  map  them,  and  derive  a satisfactory  quan- 
titative unde rs ‘.and Ing  of  their  hydrologic  significance. 
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Jaaeco  Gravel 

The  Jameco  gravel  Is  the  aquifer  that  lies  stratigraphlcally  be- 
low the  upper  Pleistocene  aquifers.  It  is  chiefly  a body  of  highly 
permeable  sand  and  gravel  but  locally  Includes  lenses  of  silt  and 
clay.  TSie  formation  occurs  only  in  Kings  County,  the  southern  part 
of  Queens  |!!o\inty,  and  the  southwestern  part  of  Hassau  County.  For 
the  most  part  the  Jameco  gravel  seems  to  fill  a system  of  burled 
vaJleys,  though  in  places  it  covers  the  Interfluvial  areas  between. 

It  ranges  In  thickness  from  a featheredge  to  about  130  feet  and 
everyvdiers  lies  8o  feet  or  more  below  sea  level.  It  was  probably 
derived  from  debris  carried  by  meltwater  streams  of  a pre-Wiscon- 
sin glacial  sheet. 

Hydrology  of  the  Pleistocene  Aquifers 
The  Opper  Pleistocene  Aquifers 

The  upper  Pleistocene  deposits,  which  mantle  the  entire  Island, 
are  recharged  entirely  by  local  precipitation.  Lacking  a connec- 
tion throu^  permeable  rock  with  the  mainland  of  lew  York  and 
Connecticut,  fresh-water  cannot  be  trsuismltted  from  the  mainland  to 
the  island  naturally  beneath  Long  Island  Sound.  Salt  water  sur- 
rounds Long  Island's  ground -water  body  on  all  sides.  Over  the  years 
a hydrologic  balance  has  been  established  by  Nature  between  fresh 
water  of  the  island  auid  salt  water  of  the  surroxmding  ocean  and  sound. 
Pumping  has  changed  this  bsilance  in  some  places,  resulting  in  salt- 
water encroachment  (pi.  20).  Because  most  of  tto  deposits  are  very 
permeable,  direct  runoff  is  slight. 

Overlying  other  permeable  aquifers,  the  upper  Pleistocene  aqui- 
fers serve  as  water-catchmeqt  and  temporary  storage  units  for  the 
deeper  aquifers.  RecUarge  to  the  Jameco  gravel,  the  Magothy(7) 
formation,  and  the  Lloyd  sand  member  of  the  Raritan  formation 
passes  through  the  upper  Pleistocene  deposlt3.  The  total  recharge 
estimated  to  average  about  1 mgd  per  square  mile. 

The  upper  Pleistocene  ground-water  body  is  unconfined,  though 
In  local  areas  It  may  be  semlconflned,  and  the  water  table  meets 
the  sea  level  at  the  shoreline;  Inland  the  water  table  rises  in 
some  places  to  about  250  feet  above  sea  level.  Fluctuation  of  the 
water  table  chiefly  reflects  changes  In  rate  of  recharge  from  pre- 
cipitation; however,  in  those  areas  where  pumping  is  heavy  water- 
table  fluctuations  may  be  more  the  result  of  changes  in  rate  of 
P’omplng  than  of  changes  in  rate  of  precipitation. 
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In  those  areas  on  western  Long  Island  where  perched  bodies  of 
water  occur  In  the  upper  Pleistocene  deposits,  more  than  one  "water 
table"  may  be  encountered  in  drilling  wells. 

Because  of  their  bialk  and  i>ermeabillty,  the  v^jper  Pleistocene 
deposits  comprise  the  most  productive  aquifer  system  on  the  island, 
probably  now  produclnc  about  half  the  gross  purapage,  or  nearly  O.061 
tgy  In  1955-  Plate  21  which  shows  estimated  gross  withdrawals  from 
aquifers  on  Long  Island,  eind  estimated  consumptive  use  therefrom, 
gives  an  overall  view  of  estimated  withdrawals  from  I950  to  now,  and 
projects  use  to  i960.  This  graph  indicates  that  In  1957  the  gross 
withdrawal  from  the  upper  Pleistocene  aquifers  amounted  to  about 
0.068  tgy.  If  pumping  sho\ild  continue  to  increase  at  Its  present 
rate,  we  should  expect  withdrawals  from  these  aquifers  to  reach 
about  0.081  tgy  In  i960. 

Jameco  Gravel 

The  Jameco  gravel  was  once  am  Important  source  of  water  In  Kings 
County,  but  salt-water  encroachment  In  the  aquifer.  Induced  by  fair- 
ly large -scaile  pumping,  has  caused  abandonment  of  all  public  supplies 
formerly  obtained  from  It  (Lusczynski,  1952).  The  Jameco  gravel 
still  supplies  substantial  quantities  of  water  In  Q\ieens  Coxinty  and 
In  southwestern  Nassau  County.  It  probably  yields  on  the  order  of 
5 percent  of  the  gross  purapage  on  the  Island,  or  about  O.OO6  tgy  In 
1955(pl.  21). 

Water  In  the  Jameco  gravel  occurs  dnder  artesian  or  semlarteslan 
conditions,  being  confined  In  varying  degi*ees  by  the  overlying 
Gardiners  clay,  which  separates  the  upper  Pleistocene  aquifers  from 
the  Jameco  gravel.  Locally  tlje  clay  forms  a leaky  aqulclude  but  at 
most  placeh  It  Is  a fairly  effective  barrier  to  water  movement  a- 
cross  its  thickness  of  10  to  I50  feet.  Some  of  the  recharge  occurs 
to  the  Jameco  gravel  throu^  the  more  leaky  and  permeable  parts  of 
the  Gardiners  clay;  the  remainder  of  the  recharge  enters  the  Jameco 
where  the  Gardiners  clay  does  not  extend  above  It. 

Cretaceous  Aquifers 

Magothy( ? ) Formation 

The  Magothy( ? ) formation  In  Long  Island,  like  the  similar  and 
presumably  con^latlve  formation  In  New  Jersey,  Delaware,  and  Mary- 
land, Is  a wedge-shaped  deposit  of  nonmarine  Cretaceous  sediments 
haring  its  thick  segment  seaward  (pi.  19)  In  Kings,  Queens,  and 
Nassau  Counties  the  Hagothy( ? ) formation  is  overlain  by  the  upper 
Pleistocene  deposits,  except  In  the  soutliem  parts  of  those  counties 
where  It  Is  overlain  by  the  Gardiners  clay  extending  beyond  ^he 
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NOTE  I 

PUMPAGE  FROM  THE  DIFFERENT  AQUIFERS 
PROPORTIONED  ON  BASIS  OF  1955  ESTIMATES 

AS  FOLLOWS 

JPPER  PLEISTOCENE  DEPOSITS  50  PERCENT 

JAMECO  GRAVEL  5 PERCENT 

MAGOTHY  (?)  formation  35  PERCENT 

LLOYD  SAND  MEMBER  OF  10  PERCENT 

PARITAN  FORMATION 
CONS  IVPTIVE  USE  ESTIMATED  AT 
50  PERCENT  OF  WITHDRAWAL 
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IN  1955  GROSS  WITHDRAWALS  FROM  ALL 
LONG  ISLAND  AQUIFERS  WAS  ABOUT 
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Janeco  gravel.  The  Magothy( ? ) formation  is  present  under  most  of 
Long  Iileuid,  being  missing  only  In  the  western  and  northwestern  parts 
of  Kings  and  Queens  Counties. 

'nie  Magothy(?)  formation  In  Long  Island  Is  a complex,  hetero- 
geneo\is  assemblage  of  lenses  suid  stringers  of  clay,  silty  clay,  slit, 
fine  and  coarse  sand,  and  some  gravel.  Generally  these  dexxislts  seem 
to  be  distributed  unsystematically  except,  perhaps.  In  the  western 
end  of  ths  Island  where  the  lowest  few  tens  of  feet  of  the  formation 
appear  to  be  more  gravelly  auid  sandy,  and  thus  more  permeable,  as 
a whole,  than  the  rest  of  the  formation. 

The  upper  surface  of  the  MagothjK?)  has  been  eroded  to  a relief 
of  several  hundred  feet;  Its  maxlmiira  elevation  is  about  220  feet 
above  sea  level  in  southern  Queens  County.  The  base  of  the  forma- 
tion Is  fairly  uniform,  lying  nearly  parallel  to  the  deeper  bedrock 
surface.  Thus,  the  formation  has  a range  In  thickness  from  a 
featheredge  to  at  least  700  feet. 

Lloyd  Sand  Member  of  the  Raritan  Formation 

The  Lloyd  ssmd  member  of  the  Raritan  formation  Is  the  deepest 
aquifer  on  Long  Island.  Nowhere  does  It  crop  out  at  the  land  s\ir- 
face,  but  it  underlies  practically  all  the  Islauid  and  extends  out- 
ward beneath  Long  Islauid  Sound  and  the  Atlantic  Ocean  for  unknown 
distances. 

The  Lloyd  member  consists  mostly  of  ssuid  and  fine  gravel,  with 
lenses  of  clay,  sandy  clay,  and  fine  sand.  The  lenses  of  scmd  and 
gravel  seem  to  occur  prominently  In  several  permeable  zones  separated 
by  less  permeable  zones  consisting  chiefly  of  clay  and  silt. 

The  Lloyd  sand  slopes  southeastward  nearly  parallel  to  the  sub- 
jacent bedrock  surface,  dipping  from  about  100  feet  below  sea  level 
In  northern  Queens  and  Nassau  Cotmtles  to  about  1,400  feet  below  sea 
level  In  southeastern  Nassau  and  tO'  about  1,700  feet  below  sea  level 
In  Suffolk  County.  Ihe  thickness  Increases  somewhat  to  the  south- 
east but  In  most  places  Is  about  250  feet. 

Overlying  the  Lloyd  sand  member  almost  everywhere  Is  the  clay 
member  of  the  Raritan  formation.  The  clay  member  consists  of  clay, 
silty  clay,  eind  some  Included  lenses  of  silty  sand  and  seuid,  which 
collectively  constitute  an  aquiclude. 


13‘* 


Hydrology  of  the  Cretaceoua  Aquifers 
Magothy( ? ) Formation 

Tlie  Magothy(?)  formation  which  is  presumably  correlative  in  part 
with  the  Magothy  formation  in  New  Jersey,  Delaware,  and  Maryland, 
is  recharged  by  ground-water  seepage  from  the  overlying  permeable 
deiKJslts,  chiefly  the  upper  Pleistocene  aquifers  and  the  Jameco 
gravel.  Groiind  water  in  the  Magotlv(7)  is  generally  confined,  less 
in  the  upper  parts  of  the  formation  in  the  central  part  of  the  is- 
land, and  more  in  the  deeper  parts  of  the  formation  where  the 
confining  effects  of  the  beds  of  low  permeability  are  felt.  Along 
the  southern  shore  of  Long  Island  most  wells  penetrating  the 
Magothy(?)  flow  under  nat\iral  artesian  pressure.  In  southwestern 
Nassau  County  artesian  heads  up  to  5 feet  above  mean  sea  level  are 
not  uncommon;  the  head  Increases  to  the  east  and  reaches  9 feet 
within  a few  miles  of  the  Suffolk  County  line.  The  artesian  head 
probably  continues  to  Increase  farther  east  along,  the  shore  to  a 
maximum  somewhere  in  Suffolk  County,  beyond  which  it  decreases. 

Fluctuations  of  the  plezometrlc  svtrface  of  the  Magothy(  ? ) for- 
mation are  primarily  those  caused  by  pumping,  in  contrast  to  the 
water-table  fl)»ctuatlons  of  the  i^rper  Pleistocene  aquifers  which 
reflect  the  effects  of  precipitation.  Withdrawal  of  water  from 
the  Magothy(?)  formation  is  limited  by  the  capacity  of  its  geologic 
materials  to  receive  water  from  the  areas  of  recharge  and  to  trans- 
mit it  to  the  points  of  withdrawal. 

The  salt-water — fresh-water  relationships  in  the  Magothy(?) 
formation  are  now  being  explored.  Although  they  are  not  completely 
understood,  it  is  believed  that,  in  general,  hydraulic  continuity 
exists  between  the  landward  portion  of  the  aquifer  and  its  extension 
under  the  ocean.  The  lower  paa^t  of  the  Magothy(?)  at  Atlantic  Beach, 
near  tiie  west  end  of  the  South  Shore  barrier  beach,  contains  water 
with  more  than  1,600  ppm  of  chloride.  Farther  east  the  water  is 
fresh,  where  the  artesian  head  is  sufficient  to  prevent  the  landward 
movement  of  salt  water  in  the  Magothy(7).  Little  is  known  at  pres- 
ent of  the  Magothy(?)  along  the  north  shore;  however,  a field  study 
Is  In  progress. 

Ilw  Magothy( ? ) formation  is  the  largest  aquifer  on  Long  Island 
and  the  second  most  Important  source  of  water;  the  upper  Pleistocene 
aquifer,  though  smaller  In  total  area,  ranks  first.  In  1955  the 
Magothy(T)  produced  about  35  percent  of  the  gross  pumpage  on  the  Is- 
land, or  about  0.0U3  tgy  (pi.  21), 


In  those  areas  on  western  Long  Island  where  jierched  bodies  of 
water  occur  In  the  upper  Pleistocene  deposits,  more  than  one  "water 
table"  may  be  encountei^d  In  drilling  wells. 

Because  of  their  bulk  and  permeability,  the  upper  Pleistocene 
deposlcs  comprise  the  most  productive  aquifer  system  on  the  Island, 
probably  now  producing  about  half  the  gross  pumpage,  or  nearly  O.O6I 
tgy  In  1955-  Plate  21  which  shows  estimated  gross  withdrawals  from 
aquifers  on  Long  Island,  eind  estimated  consumptive  use  therefrom, 
gives  an  overall  view  of  estimated  withdrawals  from  1950  to  now,  and 
piDjects  use  to  i960.  This  graph  Indicates  that  In  1957  the  gross 
withdrawal  from  the  upper  Pleistocene  aquifers  amounted  to  about 
0.068  tgy.  If  pumping  should  continue  to  Increase  at  Its  present 
rate,  we  should  expect  withdrawals  from  tliese  aquifers  to  reach 
about  0.081  tgy  In  i960. 


Jameco  Gravel 

The  Jameco  gravel  was  once  an  Important  source  of  water  In  Kings 
County,  but  salt-water  encroachment  In  the  aquifer,  induced  by  fair- 
ly large-scale  pumping,  has  caused  abandonment  of  all  public  sxipplles 
formerly  obtained  from  It  (Lusczynskl,  1952).  The  Jameco  gravel 
still  supplies  substantial  quantities  of  water  In  Queens  County  and 
In  southwestern  Nassau  Comity.  It  probably  yields  on  the  order  of 
5 percent  of  the  gross  pumiiage  on  the  Island,  or  about  O.OO6  tgy  In 
1955(pl.  21). 

Water  In  the  Jameco  gravel  occurs  Under  artesian  or  semiarteslan 
conditions,  being  confined  In  varying  degrees  by  the  overlying 
Gardiners  clay,  which  separates  the  upper  Pleistocene  aquifers  from 
the  Jameco  gravel.  Locally  tlje  clay  forms  a leaky  aqulclude  but  at 
most  placea  It  Is  a fairly  effective  barrier  to  water  movement  a- 
crosB  Its  thickness  of  10  to  I50  feet.  Some  of  the  recharge  occurs 
to  the  Jameco  gravel  through  the  more  leaky  and  permeable  parts  of 
the  Gardiners  clay;  the  remainder  of  the  recharge  enters  the  Jameco 
where  the  Gardiners  clay  does  not  extend  above  It. 

Cretaceous  Aquifers 

MagothjK  ? ) Formation 

The  Magothy(?)  formation  In  Long  Island,  like  the  similar  and 
presumably  correlative  formation  In  New  Jersey,  Delaware,  and  Mary- 
land, Is  a wedge-shaped  deposit  of  nonmarine  Cretaceous  sediments 
having  Its  thick  segment  seaward  (pi.  19;  In  Kings,  Queens,  and 
Nassau  Counties  the  Magothy(?)  formation  Is  overlain  by  the  upper 
Pleistocene  deposits,  except  In  the  soutbem  parts  of  those  counties 
where  It  Is  overlain  by  the  Gardiners  clay  extending  beyond  the 
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Lloyd  Sand  Member 

Tlie  Lloyd  Band  member,  fourth  and  Icvemost  of  the  principal 
aquifers  of  Long  Island,  la  capped  by  the  clay  member;  hence,  water 
In  the  aquifer  occurs  under  artesian  conditions.  In  the  central 
part  of  the  Island  the  flow  Is  downward  from  the  overlying  formations 
to  the  Lloyd.  Thus,  recharge  can  be  effected  by  slow  and  devious 
percolation  through  and  aroxind  the  lenses  of  clay  and  silt,  or  pos- 
sibly through  eroslonal  gaps  in  the  clay  layer  (De  Lagima  and  Perl- 
mutter,  19^9). 

Near  the  shores  the  water  movement  Is  upward  from  the  Lloyd  sand 
member  to  the  overlying  material,  and  wells  drilled  In  the  shore  area 
will  flow  because  of  artesian  pressure.  In  some  areas,  as  near  the 
western  end  of  the  barrier  beach,  fresh  water  may  be  obtained  from 
the  Lloyd,  whereas  overlying  beds  contain  only  salt  water.  Along 
the  north  shore,  reportedly  one  or  two  wells  drilled  years  ago  Into 
tb-  Lloyd  encountered  ^nly  sai ty  water. 

The  Lloyd  member  Is  not  greatly  \ised,  yielding  perhaps  about 
10  percent  of  the  gross  purapage  on  the  Islauad;  presumably  It  could 
BUS  tail  additional  fairly  lartre  aevelopraent  away  from  the  shores. 

A glance  at  the  graph,  plate  21  indicates  “.hat  the  Lloyd,  in  1955> 
produced  about  0.012  tgy  and  that  It  will  produce  about  O.OI6  tgy 
irt  i960.  If  the  present  rate  of  iricronse  on  inuet. 
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AQirrFER-MAtjAGTyiCTT  PRACTICES 


Aquifer  management  includes  aJi  those  practices  that  are  designed 
to  enable  man  to  make  the  maximum  permanent  use  of  the  natural  under- 
ground reservoirs.  The  hydrologic  characteriPtics  and  the  present  uses 
being  made  of  the  aquifers  in  the  IViaware  River  cervice  area  have  been 
described  earlier.  The  purpose  of  ‘hi  - section  is  to  discuss  some  of 
the  aquifer-management  pra^tlcer  that  are  of  value  in  increasing  and 
protecting  the  ground- water  supp'y.  L-i,  us  first  consider  the  matter 
of  wells,  their  development  ar.d  >p»ia*  -n;  ;r-m-  largely  paraphrased 
or  quoted  directly  from  w.  C.  F-nj.  ' %'.f.€n  communication,  1957)- 

WELL  AND  WELL-FlfOD  DEb.l^,  rto  RLOJWENT,  AND  OPERATION 


Great  advances  have  been  ma.1e  m *he  la-t  30  years  in  the  design 
and  construction  of  water  wells.  Thet.'^  advsuices  Include:  (l)  The 

use  of  a wide  variety  of  types  - f wel.  ca-='ng;  a mul*ipitcity  of 
screen  types  lYom  which  to  choose  for  use  In  -pe-  iftc  cases;  (3)  the 
methods  of  determining  the  kind  of  screen  to  use.  (4)  the  method  of 
mechainical  underreaming  and  gravel  packing;  (^)  the  processes  of 
chemical  and  physical  treatment  of  P'rea.np,  casing<=i,  and  even  of  the 
eujulfer  materials  adjacent  to  the  well  screen  to  In^rea^e  well  yield; 
(6)  the  hydraulics  of  determining  proper  spacing  of  wells  and  the  in- 
fluence that  a pumping  well  will  hnv:*  on  other  wells;  (?)  greatly  Im 
proved  pumps  to  meet  diverse  needs,  and  [Q)  Uje  i*e  of  horizontal 
collector- type  wells  in  areas  of  induced  recharge 

The  scientific  and  economic  design  of  wells  or  of  well  fields  to 
capture  the  optimum  amount  of  water  is  the  responsibility  of  ground- 
water  consultants  and  other  specialists  outside  tne  S.  Geological 
Survey.  It  is  appropriate  here  orr.'y  to  r ketch  selected  aspects  of 
optimum  weii-fleld  design.  Let  us  first  con-ider  w-  1 -pa-ing. 


Well  Spacing 


Spacing  of  most  water  wells  has  been  a happem stance."  process 
Location  of  the  first  well  in  an  area  has  often  been  dictated  by 
convenience  to  other  facilities  or  by  limitations  imposed  by  lend 
ownership.  Frequently,  when  a well  field  is  developed,  wells  are 
placed  in  line,  with  direction  end  separation  dictated  by  the  geo- 
metry of  the  area  available.  Little  thought,  in  general,  has  been 
given  to  whether  the  aquifer  being  develop*"-!  is  artesian  or  water- 
table,  or  to  such  hydrologic  factors  as.  (l)  The  geometry  of  the 
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aquifer;  (2)  ihe  direction  of  c^ound-vater  flow;  or  (3)  induced 
recharge.  In  fact,  most  of  these  elements  of  the  hydrology  of  well- 
field  development  were  unknown  and  unappreciated  a generation  or  two 
ago  In  most  parts  of  the  country;  and  in  the  Delaware  River 

service  area  ever,  now  knowledge  of  these  factors  is  generally 
lac King. 

Today  the  problem  of  proper  spa.-ing  of  wells  can  be  approached 
scientifically  if  the  aquifer  constants  (such  as  the  coefficients 
of  trfuismissibility  and  storage),  th^  geometry  of  the  aquifer,  its 
relation  to  other  aquifers  airi  aqu'.cl..‘l  •,  and  other  physical  and 
economic  factors  (U'e  known.  All  I m;  requenti.y,  however,  data  needed 
for  the  best  design  of  a well  field  are  not  available,  possibly  be- 
cause of  a lack  of  awareness  of  the  spje'ific  data  required  and  their 
proper  utilization.  Developers  of  ground-water  supplies  may  find 
some  useful  parallels  in  the  petroleum  industry,  where  the  unit  oper- 
ation of  H'.any  large  oil  fields,  which  requires  rational  spacing  of 
wells,  has  been  in  practice  for  more  than  20  years.  Competitors  have 
cooperated  willingly  with  the  resul'"-  that  more  oil  is  recovered  at 
lower  cost  than  could  have  been  recov.-red  by  haphazard  development. 

The  formulas  necessary  to  solve  meuiy  reservoir  problems  have  been 
defined  (Muskat,  1937)  on  the  assumption  that  the  basic  coefficients 
Eind  geometry  of  the  reservoir  can  bo  determined.  Data  have  not  yet 
accumulated  in  sufficient  detail  l:i  any  except  localiz-^d  pants  of  the 
Delaware  River  basin  to  permit  appj.lying,  on  on  areal  basts,  hydraulic 
theory  to  a rational  plan  for  spacing  wells  in  the  several  aquifers. 
Until  such  large-scale  regional  planinLng  and  coordination  become  ne- 
cessany,  however,  there  is  opporturity  for  steady  improvement  in  the 
design  of  individual  multiple-well,  systems.  But  the  success  of  a 
battery  of  wells  is  largely  bas'id  upon  successful  development  of 
eac;h  individual  well.  I/.-t  us  nod  *;his  important  matter. 


W’^^11  D>.y'"lcpment 


Well  development  is  concerned  with  obtaining  aii  adequate,  as- 
sured supply  of  potable,  clear  water.  H'i'>  is  done  by  means  of 
mechanically,  hydraulically,  or  chemically  treating  the  we.ll  before 
it  is  placed  in  service.  Modern  development  frequently  takes  as  long 
as,  and  sometimes  several  times  longer  than,  the  time  required  to 
drill,  case,  and  screen  the  well. 

Development  might  be  considered  to  start  with  the  choice  of  the 
best  aquifer,  after  a te.at  hole  or  pre-existing  Information  has  re- 
vealed one  or  more  water-bearing  sands.  Decisions  must  be  made  to 
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case  off  those  parts  of  the  aquifer  that  are  too  fine-grained  or  are 
polluted,  if  the  development  is  to  be  successful.  On  expensive  wells, 
these  decisions  should  be  made  on  the  basis  of:  (l)  Study  of  cuttings 

or  cores;  (2)  electrical  logging;  and  (3)  bacteriological  (in  some 
cases)  and  chemical  examination  of  water  from  succeeding  depths. 

This  is  best  accomplished  by  an  experienced  ground-water  geologist 
working  with  the  driller.  On  less  costly  wells  the  driller  will 
frequently  make  the  decision,  using  his  drilling  log  and  sample 
cuttings  as  guides.  In  order  to  develop  the  desired  well  yield,  in 
areas  of  thin  or  silty  sand  strata.  It  may  be  necessary  to  use  mul- 
tiple screens  with  blank  sections  of  casing  opposite  fine-grained 
layers.  These  can  be  quite  accurately  located  by  careful  electric 
logging:  in  fact,  these  changes  in  lithology  are  often  more  siccurate- 
ly  determined  by  interpretation  of  an  electric  log  by  a competent 
geologist  than  by  examination  of  the  most  carefully  taken  well 
samples . 

The  screen  is  one  of  the  most  important  components  of  a properly 
designed  well.  Choice  of  the  correct  slot  size  is  critical,  inas- 
much as  a certain  percentage  of  fine  material  must  be  denied  passage 
into  the  well  while  the  maximum  rate  of  passage  of  water  is  encour- 
aged. Commonly  a slot  size  is  chosen  that  will  allow  a certain 
percentage  of  the  smaller  sand  grains  to  pass  into  the  weLl  and  be 
pumped  to  waste.  Gradually  an  envelope  of  coarser  material  is 
developed  around  the  well,  and  the  water  clears.  This  method  is 
called  "natural"  development. 

The  expensiveness  of  good  screens  often  influences  the  decision 
on  how  much  screen  to  set,  even  though  hydraulically  it  may  be  ad- 
visable to  screen  as  much  of  the  aquifer  as  possible.  Exact  posi- 
tioning and  placing  of  a screen  is  necessary,  if  development  time 
is  to  be  held  to  a minimum.  A screen  set  only  1 or  2 feet  out  of 
proper  position  may  allow  fine  sediments  to  enter  the  well  continu- 
ously, and  the  water  may  never  clear.  As  mentioned  above,  electrical 
logging  has  been  found  more  reliable  than  other  logging  methods  to 
locate  formation  boundaries  and  permit  casing  and  screening  with  the 
necessary  precision. 

Gravel  packing  is  common  today  in  many  wells  designed  for  high 
yield.  Even  \dien  a well  is  to  be  gravel  packed,  the  choice  of 
screen  slot  is  important,  because  the  texture  of  the  aquifer  deter- 
mines the  proper  size  of  the  gravel,  and  the  size  of  the  gravel  in 
turn  determines  the  proper  slot  size  of  the  screen. 

The  method  of  development — whether  by  surging,  overpuraping, 
blowing  with  air,  use  of  dry  ice,  backwashing,  or  bailing — may 
affect  the  ultimate  yield  and  longevity  of  the  well.  The  use  of 
acid,  in  limy  sand  like  the  Vincentown  sand,  is  sometimes  helpful. 
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The  use  of  polyphosphate  detergents  may  be  helpful  in  wells  devel- 
oped in  slightly  clayey  or  irony  formations.  The  new  method  of 
pressure-fraoturing  is  being  used  in  consolidated  formations^  but 
is  not  applicable  to  unconsolidated  materials.  Also,  with  careful 
application  of  the  method,  use  of  explosives  in  some  consolidated 
rock  formations  is  a successful  means  of  fracturing  the  rocks  to 
open  additional  channels  for  flew  of  water  to  the  well. 

The  length  of  development  period  is  important  to  insure  that 
the  well  will  not  yield  undue  amounts  of  sand,  silt,  or  other  sedi- 
ment after  it  is  placed  in  service.  An  8- hour  development  period 
may  be  adequate  for  wells  of  small,  or  moderate  yield  in  unconsoli- 
dated aquifers,  whereas  a day  or  sec'eral  days  may  be  required  for 
a high-yield  well  in  the  same  formation;  in  most  consolidated  rocks 
shorter  periods  of  time  are  generally  required  for  development  of 
wells  (after  drilling  is  complete)  than  for  unconsolidated  materials. 

Bennison  (19^7,  p.  219-251)  has  given  an  excellent  discussion  of 
the  problems  of  developing  water  wells.  It  is  important  to  recognize, 
however,  that  even  the  best  drillers,  using  the  most  modern  equipment 
and  techniques,  and  allowing  adequate  development  time,  are  occasion- 
ally unable  to  develop  the  quantity  or  clarity  of  water  desired.  For 
example,  successful  development  of  wells  in  the  Magothy  and  Raritan 
formations  in  northern  Delaware  has  been  particularly  difficult. 
Competent  drillers  in  this  area  have  spent  a month,  or  even  more, 
trying  to  develop  wells  in  parts  of  these  formations  and  have  faildd 
to  obtain  well  yields  greater  than  75  6Pin  of  "milky"  water.  Experi- 
ence in  northern  Delaware  has  shown  that  many  strata  which  indicate 
high  self -potential  and  high  resistivity  on  the  electric  log,  and 
Tdiich  yield  medium-  to  coarse-grained  sand  in  washed  samples  from 
the  rotary-drilling  mud  (generally  considered  indications  of  perme- 
able sands) , are  so  silty  that  long  development  and  low  yield  are 
typical.  Only  by  coring  these  sands  would  the  developer  be  warned 
of  impending  failure.  That  the  foregoing  experience  has  been  costly 
is  attested  by  the  records  of  several  drillers  indicating  as  much  as 
$30,000  for  a "dry  hole" . 


Well  Maintenance 


After  a well  is  in  service,  it  usually  requires  periodic  mainten- 
ance. Not  only  do  the  turbines  and  shafds  of  the  pumping  equipment 
wear  out,  but  the  well  casing  may  deteriorate,  screens  may  become 
corroded  or  encrusted,  or  both,  and  the  aquifer  itself  may  become 
plugged  in  the  vicinity  of  the  well.  The  maintenance  problems  are 
significant  because  they  determine,  in  part,  the  extent  to  which 
drillers  and  water  users  will  attempt  development  of  an  aquifer. 
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riio  qualioy  of  vatcr  ic  particularly  sipnlficaat  in  come  well- 
Ecrecn  tuvl  aquifer-development  pi'oblemc.  Evidence  of  ci-adual  plug- 
t;iuc  recognizable  on  the  basic  of  well  yield  alone,  be- 

cauce  maintenance  and  operating  personnel  may  increase  the  pump  speed 
or  the  number  of  puirp  stages,  or  may  lower  the  bowls  of  the  pump,  to 
obtain  the  same  yield  at  greater  dravfdovTi,  A clue  to  possible  de- 
cline in  the  over-all  efficiency  of  the  development  may  be  found  in 
the  specific  capacity  of  the  well  (yield.  In  gallons  per  minute,  di- 
vided by  drawdown  of  water  level  in  the  well,  in  feet),  \;hich  graxi- 
ually  declines  as  plugging  occurs. 

In  some  places  water-supply  developments  in  the  Quaternary  depos- 
its of  this  area  have  been  difficult  to  maintain,  owing  to  blocking 
of  the  pores  of  the  formations  close  to  the  vxell  vrlth  flocculent  iron 
and  clay.  Tlie  remedial  treatment,  requiring;  from  a day  to  a week  has 
involved  back-flushing  v;ith  a polyrjhosphate  detergent.  Gome  firms 
drill  enough  wells  so  that  one  can  be  out  of  service  and  under  treat- 
ment ^/hile  the  others  remain  in  operation,  liiic,  of  course,  adds  to 
operational  costs  but  where  it  can  be  anticipated  and  planned,  it 
becomes  routine. 

'.Jell  maintenance  may  include  mechanical  treatment , such  as  the 
removal  tuid  scrubbing,  or  replacement,  of  screens;  or  acidizing 
which,  although  somewhat  corrosive  of  casing  ontl  screens,  may  open 
the  formation  and  prolong  the  life  of  the  well. 

Few  data  have  been  accumulated  on  long-term  performance  char- 
acteristics, longevity,  and  "mortality"  of  v/ells,  yet  these  factors 
ore  importtuat  and  are,  in  lai'gc  part,  geologic  or  chemical  problems. 

Much  remains  to  be  learned  about  well  maintenance.  Possibly  the 
minor  extent  to  which  the  Vincentovm  sand  is  developed  is  related  to 
maintenance  j^roblems.  In  years  to  come,  superior  maintenance  methods 
sliould  extend  the  usability  of  v;ells  and  aquifers. 


PROTECTIVE  DARRIKRG 


Prevention  ol"  the  encroaciiment  of  contaminated  or  polluted  waters 
iias  become  Uie  subject  of  much  investigation,  as  revealed  by  an  ex- 
tiMisLve  bibliography,  annotated  by  Todd  (1952).  Tiie  meUiods  involve 
the  building  of  protective  barriers  in  the  intake  ou'ea,  beUreon  the 
undesirable  v/nter  and  the  good  \xater.  Among  the  methods  in  practice, 
ctiiefly  In  tile  '.’eot  are:  (l)  ’./ateriiroof ing  ttie  sides  and  bottom  om 

n C!uial  or  ctreura  containing  bad  vrat.er;  (2)  digging  a 1 rcnch  to  im- 
[lenm-able  clay  and  backfilling  it  witli  imjiermeable  material;  (3)  pumn- 
Inr,  a sett ing-tv\  •:  emulsion  taruurii  input  wells,  to  develop  an 


lul . 


ijnppmeable  scrucn;  (I4)  grouting  in  permeable  limestone  or  fissured 
rocks;  and  (5)  pumping  fresh  water  down  a line  of  wells  along  the  edge 
of  the  encroeuching  body  of  water  of  poor  quality  to  create  a retaining 
fresh-water  head. 

So  far  as  the  writers  know',  none  of  these  methods  has  been  tried 
in  the  areas  of  contamination  in  the  Delaware  Ri^r  basin.  All  of 
them  are  expensive,  and  until  occasion  warrants,  probably  none  will 
be  tried. 

The  use  of  outpost  wells  to  detect  the  encroaching  of  undesirable 
water  is  a recommended  procedure . Three  such  wells  have  been  put  in- 
to service  by  the  Corps  of  Elngineers  along  the  Chesapeake  and  Dela- 
ware Canal  (Rasmussen  and  Beamer,  195^) . The  intake  area  of  the 
Magothy  formation  and  the  Raritan  formation  is  crossed  by  the  canal 
Just  west  of  the  boundary  of  the  Delaware  River  basin.  Two  wells  are 
emplaced  in  the  Raritan  formation  and  one  in  the  Magothy  formation, 
for  periodic  sam.pling  and  measvirement  of  water  level.  No  contamina- 
tion was  recorded  during  the  first  year  of  measurement . 


RETENTION  OF  RUNOFF 


In  some  areas  of  lowered  ground-water  level,  it  may  be  desirable 
to  retain  runoff,  to  permit  meiximimi  infiltration  opportunity.  Ditches 
and  canals  can  be  used  to  distribute  the  rimoff  across  aquifer  intake 
€U*eas;  and  check  dams,  described  in  a later  section  (p.lU3  ) will  aid 
in  artiflcial-recharge  practices. 


DRABJAGE 


A need  more  pressing  than  the  retention  of  runoff  in  many  rural 
parts  of  the  Coastal  Plain  of  the  Delawai-e  River  basin  is  the  drain- 
age of  waterlogged  lands.  Thin  is  particularly  true  in  the  southern 
part  of  the  Coastal  Plain  area.  By  levering  the  water  table  1 or  2 
feet  some  water  that  would  have  been  evaporated  or  transpired  can  be 
converted  to  mmoff.  Water  conservation  would  require  bringing  the 
outflowing  water  to  beneficial  use,  and  at  present,  this  is  not 
practical  in  most  places. 


DISPOSAL  OF  UNEESIRABLE  EFFLUENTS 
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All  too  commonly,  the  undesirable  effluents  of  industries  or 
municipsilities  have  been  discarded  untreated,  on  the  ground,  in 
"disposal"  wells,  or  in  streams,  although  the  State  boards  of  water- 
pollution  control  are  gradually  abating  this  practice.  But  large 
tidal  streams,  like  the  lower  Delaware  and  Christina  Rivers,  sure 
almost  open  industrial  sewers  for  wastes  that  are  \intreated  and  per- 
haps considered  untreatable.  Possibilities  of  effecting  water-re- 
sources  development,  outlined  in  the  section  on  tidal  area  controls 
suggest  a partial  answer  to  this  problem  in  an  industrial  drainage 
canal,  developed  on  an  aquiclude,  to  carry  the  undesirable  efflu- 
ents farther  down  the  estuary. 


ARTIFICIAL  RECHARGE 


Artificial  recharge  has  been  practiced  successfully  in  many  areas 
but  usually  where  water  is  at  a premium  and  the  cost  is  justified,  as 
in  parts  of  the  western  United  States.  Barksdale  and  DeBuchananne 
(19^)  have  described  the  artificial  recharge  of  productive  aquifers 
in  New  Jersey,  outside  the  Delaware  River  basin.  It  may  be  many 
years  before  artificial-recharge  practices  are  widely  needed  or 
adopted,  but  there  are  places  in  the  Delaware  River  basin  where  deep 
cones  of  depression  in  the  piezometric  surfaces  warrant  early  con- 
sideration of  recharge  by  artificiail  means.  The  cones  of  depression 
developed  in  the  piezometric  surfeices  of  the  Magothy  and  Raritan  for- 
mations in  the  Philadelphia-Camden  area  are  one  example;  in  Delaware 
the  Patuxent  formation  in  the  Delaware  City  area,  the  Cheswold  aqui- 
fer in  the  Dover  area,  and  the  FVederica  aquifer  in  the  Milford  area, 
are  other  examples. 

The  means  for  aiccompllshing  artificial  recharge  require  a depend- 
able water  source  and  either  input  wells,  check  dams,  infiltration 
canals,  or  spreading  basins,  according  to  local  geology  and  economics 


Input  Wells 


"nie  use  of  input  wells,  usually  to  restore  cooling  water  to  a 
formation,  is  the  most  common  method  of  artificial  recharge  in  the 
East.  On  Long  Island,  input  wells  are  required  for  each  air-con- 
ditioning well  supplying  more  than  100,000  gpd.  The  water  circulates 
in  an  airtight  system  and  is  returned  to  the  ground  unailtered  except 
for  a slight  rise  in  temperature. 


At  Louisville,  Ky . , it  was  found  that  the  ground-water  level  was 
declining  at  an  alarming  rate  because  of  greatly  expanded  use  of 
ground-water  supplies  to  operate  industrial  plants  during  World  War 
II.  Quantitative  studies  of  the  aquifer  indicated  that  the  pumpage 
was  about  20  mgd  more  than  the  recharge.  Industries  voluntarily 
effected  many  economies  of  water  use,  and  at  two  plants  cold  surface 
water  was  artificially  recharged  into  the  aquifer  during  the  winter, 
then  pumped  out  again  in  the  sinnmer  when  the  surface  water  was  too 
warm.  Through  knowledge  of  the  industrial  needs,  the  hydrology  and 
geology  of  the  aquifer,  and  teamwork  among  the  users,  the  Louisville 
problem  was  solved  and  the  total  withdrawal  from  the  aquifer  is  now 
adjusted  to  the  recharge.  Such  practices  may  become  fairly  common 
in  the  Delaware  River  basin  in  the  future. 

Input  wells  generally  must  be  supplied  with  nonturbid  and  chem- 
ically stable  water  to  prevent  plugging.  This  and  many  related  prob- 
lems of  recharging  aquifers  through  input  wells,  using  sin-face  water, 
is  now  undergoing  research  by  the  Geological  Survey  and  other  agencies 
in  several  places,  notably  in  Arkansas,  Texas,  and  California. 


Check  Dams  and  Spreading  Basins 


Perhaps  one  of  the  most  practical  means  of  artificial  recharge 
is  to  build  a low  dam  on  each  surface  stream  Just  below  the  outcrop 
or  intake  area  of  each  aquifer  so  as  to  raise  the  head  of  the  water 
in  the  aquifer  and  induce  more  water  to  move  down  the  dip  beneath 
the  confining  beds.  Artificial  recharge  can  be  accomplished  also  by 
constructing  spreading  basins.  These  usually  are  shallow  ponds  or 
pits  that  receive  excess  runoff  during  storms.  The  stored  water  is 
allowed  to  seep  into  the  underlying  aquifer  for  later  withdrawal. 

The  basin  bottom  must  be  maintained  in  a permeable  condition,  and 
either  a considerable  hydraulic  gradient  or  a zone  of  aeration 
must  be  maintained  between  the  water  in  the  spreading  basin  and  the 
water  in  the  formation.  At  any  given  place,  the  percolation  rate 
will  be  greatest  when  the  water  table  is  well  below  the  bottom  of 
the  recharge  basin.  Under  these  conditions  percolation  is  vertically 
downward  and  proceeds  at  a maximum  rate . The  depth  to  the  water 
table  does  not  affect  the  rate  of  percolation,  however. 

For  more  than  50  years  Runyon  pond  at  the  Perth  Amboy  Water  Works, 
about  26  miles  northeast  of  the  Delaware  River  basin,  has  been  used 
effectively  as  a spreading  basin  to  recharge  the  Old  Bridge  sand  mem- 
ber of  the  Raritan  formation  at  a rate  of  0.6  mgd  per  acre  (Barksdale 
and  DeBuchananne , 19^6,  p.  727);  ani  such  recharge  basins  are  currently 
being  used  successfully  on  Long  Island  to  receive  the  drainage  from 
storm-water  conduits. 


Infiltration  Canals 
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Infiltration  canals  developed  over  permeable  substrata  offer  a 
means  of  inducing  waters,  which  otherwise  would  have  gone  to  waste 
as  flood  runoff,  to  seep  into,  and  be  stored  in,  aquifers  for  later 
use.  Such  canals  cost  no  more  to  construct  than  other  canals  or 
ditches  of  similar  size,  but  because  they  tend  to  silt  up  they  cost 
more  to  maintain.  As  an  example  of  a situation  where  an  infiltration 
cnnsQ.  might  successfully  be  used  as  a factor  in  aquifer  management 


Sprinkling;  Systems 

For  several  years,  on  farms  at  Seabrook,  N.  J.,  recharge  has 
been  applied  by  sprinkling.  The  water  applied  is  waste  water  from 
a vegetable-processing  plant.  Barksdale  and  Remson  (1956,  p.  522) 
observe : 

"On  the  other  hand,  at  Seabrook,  N.  J.,  where  recixarge  water  is 
applied  by  sprinkling,  no  soil  management  has  been  necessary.  The 
organic  matter  in  the  water  is  removed  by  biochemical  action  in  the 
soil.  The  accelerated  soil-forming  processes  and  plant  growth  that 
accompany  the  Irrigation  seem  to  maintain  and  may  even  increase  the 
infiltration  capacity  of  the  forest  floor.  Some  parts  of  the  Sea- 
brook waste-water  spre-  ing  area  have  received  4,000  Inches  of  water 
during  the  last  4 years  and  have  suffered  no  apparent  diminution  of 
infiltration  capacity.  Gradual  changes  in  soil  structure  over  a 
longer  period  may  produce  adverse  effects,  but  present  indications 
suggest  Improvement  rather  than  deterioration  of  the  infiltration 
capacity".  Such  a high  rate  of  infiltration  is  possible  only  where 
the  aquifer  is  very  permeable . 


INDUOED  RECHARGE 


Induced  recharge  may  be  thought  of  as  water  seeping  from  streams, 
lakes  or  swamps,  into  aquifers  as  a result  of  the  cone  of  depression 
around  a pumping  well  or  a well  field  spreading  far  enough  to  inter- 
sect a body  of  surface  water.  In  a sense  it  is  a form  of  artificial 
recharge . 

In  the  early  development  of  wells  in  this  area,  induced  re- 
charge was  accidently  begun.  Now,  it  is  possible  to  take  advantage  of 
our  knowledge  of  the  geologic  and  hydrologic  factors  concerned  and 
either  intentionally  induce  or  prevent  recharge  from  the  stream — a 
form  of  conservation  of  water  supply  and  a definite  factor  in  aquifer 
management . 
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Where  drawdovn  in  a well  reverses  the  gradient  from  river  to 
well,  grsuiients  very  much  steeper  than  exist  in  nature  may  become 
established,  and  under  these  circumstances  much  larger  quantities 
of  water  will  move  from  the  river  into  the  aquifer  than  previously 
moved  from  aquifer  to  river.  Barksdale,  Greenman,  Lang,  and 
others  (l958>  P-  IOL-IO8)  discuss  this  situation  in  considerable 
detail  and  most  of  the  following  discussion  is  condensed  from  their 
report . 

Tlie  potential  induced  recharge,  where  an  aquifer  is  in  direct 
contact  with  the  river,  is  directly  proportional  to  the  permeabil- 
ity and  thickness  of  the  aquifer  and  to  the  hydraulic  gradient  es- 
tablished in  it  by  pumping.  This  potential,  however,  will  be  de- 
creased by  river-bottom  mud,  silt,  or  clay,  or  by  limited  area  of 
contact  between  the  river  and  aquifer.  If,  for  example,  sands  and 
gravels  of  an  average  aquifer  in  the  Raritan  formation  of  the  Camden- 
Philadelphia  area  are  directly  exposed  to  river  water,  a strip  about 
100  feet  wide  would  accept  as  much  water  as  the  aquifer  could  trans- 
mit. On  the  other  hand,  where  the  aquifer  in  the  river  bottom  is 
covered  by  clay,  induced  recharge  would  be  negligible,  for  1 foot  of 
clay  creates  as  much  head  loss  as  10,000  feet  of  aquifer  material 
at  any  given  rate  of  flow. 

The  desirability  of  inducing  recheirge  from  a stream  is  depend- 
ent on  the  quality  of  the  stream  water  as  well  as  the  quantity  avail- 
able. Induced  recharge  by  water  from  the  Delaware  River  below  Marcus 
Hook,  Pa.,  under  prevailing  quadity-of-water  conditions,  would  gen- 
erally bt  undesirable  because  of  the  probability  of  contemiriating . 
large  areas  of  the  aquifer  with  water  of  poor  quality. 

, There  is  substantial  evidence  that  induced  recharge  from  the 

; Delaware  River  is  already  occvurlng  In  the  Philadelphla-Camden 

I.  area.  An  fiquifer  test  on  the  Morro  Phillips  tract  in  Camden  in- 

dicated that  after  2 years  of  operation  on  a new  well  near  the 
river  would  be  delivering  about  90  percent  river  water. 

It  is  evident  that  the  relationship  of  water  in  the  lower  Dela- 
ware River  to  the  aquifers  in  hydraulic  contact  with  it  must  be 
carefully  considered  in  the  future  development  of  these  aquifers  or 
of  dredging  and  deepening  of  the  river. 


AQUIFER  STORAGE  AND  INDUCED  RECHARGE 


In  the  hard-rock  region  there  are  in  some  places  thick,  extensive, 
and  p<’rmoable  glacial  deposits,  chiefly  in  some  of  the  larger  river 
valleys  (pis.  a.nd  17).  Wiiere  connected  hy'iraulically  with  a perma- 
nent body  of  water,  such  as  a large  lake  or  a perennial  stream,  these 
bodies,  largely  of  sand  and  gravel,  offer  tremendous  water-supply 
potential.  Large  supplies,  900  gpm  from  an  individusLl  well  is  re- 
ported, have  been  developed  for  perennial  use  in  these  aquifers.  How- 
ever, by  temporarily  pumping  from  the  aquifers  at  a rate  greater  than 
the  recharge  rate,  storage  space  can  be  created  in  which  part  of  the 
streamflow  can  be  stored,  thus  preventing  some  wastage  of  the  poten- 
tial water  crop  by  runoff  to  the  sea. 

Manipulation  of  aquifer  storage  does  not,  of  course.  Increase  the 
total  water  supply  in  the  basin,  unless  by  lowering  the  water  table 
evapotranspiration  from  the  aquifer  is  reauced;  the  total*  water-supply 
potential  is  determined  by  the  relationship  that  exists  between  pre- 
cipitation, runoff,  eind  water  loss.  However,  such  manipulation  con- 
serves water,  makes  more  water  locally  available  over  a longer  period 
of  the  year,  and  thus  may  be  highly  important.  Also  such  factors  as 
lower  temperature  and  relative  freedom  from  contamination  may  make 
ground  water  more  desirable  than  river  water. 

As  an  example,  let  us  consider  the  Delaware  River  vaiLley  between 
Port  Jervis,  N.  Y.,  anu  Milford,  Pa.  Here  the  veulley  is  filled  with 
glaf-ial  outwash  and  some  till  consisting  of  sanu,  gravel,  silt,  and 
clay  to  an  average  depth  of  about  100  feet  over  a width  of  about  a 
mile;  the  length  of  this  stretch  of  valley  fill  is  about  6 miles-- 
the  distance  between  Port  Jervis  and  Milford--but  the  valley  fill  ex- 
tends both  northeast  and  southwest.  In  this  mass  of  material  between 
Port  Jervis  and  Milford,  assuming  that  the  specific  yield  is  about 
15  percent  (perhaps  conservative)  there  would  be  about  18,000  million 
gaU-ons  of  water  in  storage.  Now  suppose,  by  proper  spacing  and  pump- 
ing of  wells,  that  one-fourth  of  this  stored  water  could  be  withdrawn 
from  the  eiquifer  except  for  a strip  1,000  feet  wide  beneath  the  river. 
Under  these  assumed  conditions,  there  would  be  produced  from  storage 
alone,  about  3^'->00  million  gallons  or  enough  to  supply  200,000  people 
for  3 months  at  200  gpcd.  However,  while  this  much  water  was  being 
withfirawn  from  storage  in  the  aquifer,  which  is  connected  hydraul- 
ically with  the  river,  a somewhat  greater  amount  would  seep  from  the 
river,  and  to  a minor  extent  from  the  adjacent  rocks  of  the  valley 
walls  and  floor,  as  induced  recharge  brought  about  by  pumping  of  the 
wells.  Moreover,  when  one-fourth  of  the  deposits  on  both  sides  of 
the  river  became  dewatered,  the  rate  of  induced  recharge,  chiefly 
from  the  river,  would  be  on  estimated  100-150  ragd. 
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IIov  might  this  affect  low  flc^ws  of  the  river?  The  minimum  low 
flow  In  thir  stretch  of  the  river,  after  completion  of  the  Cannons- 
ville  drun  (schedulcvi  for  i960),  as  set  by  the  U.  S.  Supreme  Court 
decree,  with  respect  to  New  York  City  diversions,  is  1,750  cfs 
(1.130  mgd)  at  Montague,  N.  J.  If  these  operations  induced  as  much 
as  150  mgd  to  seep  from  the  river  at  a time  of  minimum  flow,  the 
daily  flow  of  the  river  would  be  reduced  by  about  I3  percent . 

Clearly'  this  would  not  be  in  keeping  with  provisions  of  the  U.  S. 
SiTpremc  Court ' s decree . 

Probably  no  one  would  argue  that  such  water  legally  could  be 
with.Lrawn  and  consumptively  used,  either  within  or  without  the  basin; 
however,  it  seems  likely  that  the  argument  would  be  advanced  that 
within-basin  uses--largely  non-cons^umptive  as  for  municipal  or  in- 
dustrial uses  or  both — might  be  legally  made . If  such  pmping  were 
done,  legal  suits  might  develop  over  the  'water  rights  involved,  and, 
as  this  is  an  interstate  aquifer  and  stream,  the  rights  of  citizens 
in  New  Jersey  and  Pennsylvania,  and  perhaps  New  York  also,  might  be 
affected. 

Earlier  potential  ground-water  developments  were  discussed  in- 
volving aquifers  of  the  Coastal  Plain  and  it  was  indicated  that 
legal  difficulties  may  well  be  expected  from  these  developments. 

These  situations  are  not  'untypical  of  the  sort  of  water-law  suits 
that  may  eventually  be  settled  by  court  decree  if  State  laws  and  (or) 
interstate  compacts  governing  such  situations  are  not  developed  in 
time . 

In  the  example  for  the  aquifer  between  Port  Jervis,  N.  Y.,  and 
Milford,  Pa.,  wo  h/o/e  illustrated  what  might  be  done  in  terms  of 
upriver  ground-water  storage  enlargement  in  only  one  short  segment 
of  the  river  valley.  There  a-e  num.erous  other  places  where  similar 
successful  efforts  might  be  maue,  although  there  are  not  many  places 
in  the  basin  outside  of  the  Dt?laware  River-Neve rsink  Ri'/er-Basher  Kill 
trough  whe.’-e  the  permeable  glacial  outwash  and  he 'ent  alluvial  depos- 
its are  so  deep  and  extensive  (pi.  1*+).  Nonetheless,  there  are 
numerous  snuvUer  strips  of  these  permeable  deposits  in  the  basin; 
all  told  they  offer  tremendous  potential  opportunity  for  a>.lditional 
water  development,  especially  for  local  industries  and  miuiicipal- 
itiec.  H wever,  before  a+iy  large-scale  developments  of  these  upbasin 
aquifers  are  attempted,  specific  hydrologic  investigations  of  the 
sites  under  consideration  must  be  made  by  competent  hydrologists. 


POSSIBILITIES  FOR  FITTURE  GROUND-WATER  DEVELOIMEI^T 


The  greatest  potential  for  development  of  uncommitted  ground- 
water  supplies  exists  in  the  Coastal  Plain,  especially  in  the  Co- 
hansey  sand  and, to  a lesser  extent,  in  the  nonmarine  Cretaceous 
sediments,  in  the  Ouaternary  deposits,  and  in  the  Kirkwood  formation. 

The  total  present  (1956-57)  use,  about  210  mgd,  is  only  an  estimated 
one-eighth  of  potentially  available  ground-water  supplies,  about 
1,600  mgd,  in  the  lower  part  of  the  basin.  The  remaining  seven- 
eighths  of  the  potential  groimd-water  supply,  or  about  1,^0  mgd,  in 
the  Coastal  Plain  of  the  basin,  offers  the  greatest  opportunity  for 
future  expansion  of  water  supply  below  the  Fell  Line. 

However,  because  of  the  many  difficulties  involved,  it  is  con- 
sidered impractical  to  develop  more  than  an  estimated  half  of  the 
potential  annual  ground -water  sijpply.  In  other  words,  for  the  area 
considered  above,  maximum  practical  development,  without  recoiirse  to 
artificial  or  induced  recharge,  may  be  on  the  order  of  8OO  mgd.  But 
to  achieve  this  there  would  have  to  be  either  an  adequate  dispersal 
of  water  works,  industry,  and  population,  or  the  transportation  of 
water  by  pipelines,  to  areas  of  water  need.  In  the  ultimate  develop- 
ment of  the  ground-water  potential  of  this  area  extensive  aqueducts 
may  become  commonplace . 

The  above  estimates  are  based  on  long-term  averages  of  precipita- 
tion, runoff,  and  evapotransp Lration.  Periods  of  several  years  of 
subnormal  precipitation  would  cause  marked  reductions  in  the  water 
available  from  well  fields  developed  in  shallow  aquifers  of  low  stor- 
age potential  but  would  have  little  effect  on  the  toteil  available 
ground  water  in  the  area.  The  values  shown  are  useful  only  in  an 
appraisal  of  the  total  ground-water  resources  of  the  area — not  for 
specific  site  developments. 

To  achieve  the  maximum  development  of  the  ground-water  resources 
of  the  Coastal  Plain  many  difficulties  will  have  to  be  overcome . For 
example,  pleuined  controls  would  be  needed  to  Insure  proper  spacing, 
development,  and  pumping  of  wells.  A program  of  education  in  the 
reasons  for  the  necessity  of  such  controls  might  be  required  to  Induce 
the  land  owners  to  accept  them.  Also,  even  if  pumping  could  be  pro- 
perly executed  to  capture  most  of  the  potential  ground-water  supply, 
there  is  always  the  possible  danger  of  salt-water  encroachment,  or  of 
pollution  and  contamination  of  the  aquifers  by  the  disposal  of  wastes 
from  habitations,  industrial  plants,  and  cities.  Nonetheless,  these 
Coastal  Plain  aquifers  offer  tremendous  possibilities  for  future  water 
supplies,  and  in  the  course  of  time,  with  or  without  planning,  more 
an:  more  wells  will  Dc  installed  and  water  token  from  them.  New  Jersey 


is  fortunate,  indeed,  to  be  able  to  pursue  its  present  policy  of  pur- 
chasing and  developing  for  future  water-supply  reserves  large  acre- 
ages of  land  not  now  in  great  demand  for  private  ownership  and  use. 

In  the  Appalachian  Hiphlands  (hard -rock)  part  of  the  basin  and 
especially  in  the  area  containing  glacial  deposits, large  additional 
ground-water  developments  can  be  made.  These  opportunities  are  most 
favorable  wherever  fairly  sizable,  permeable  deposits  of  gravel  and 
sand  are  hydraulically  connected  with  perennial  bodies  of  surface 
water.  Scores  of  isolated  patches  of  thick  glacial  outwash  thus 
favorably  situated  for  high  rates  of  recharge  exist  in  most  of  the 
large  stream  valleys  in  the  glaciated  pajct  of  the  basin  (pis.  lU 
and  15  '' . 

Although  the  average  annuaJ.  ground-water  recharge  to,  and  dis- 
charge from,  the  consolidated-rock  aquifers  of  the  Appalachian  High- 
lands is  very  large,  only  a very  small  fraction  of  this  amount  can  be 
recovered  for  use  owing  to  the  low  permeability  and  small  storage 
capacity  of  the  aquifers.  Instead,  development  of  surface-water 
supplies,  which  of  course  includes  base  flow  of  streams  (largely 
ground -water  discharge),  will  continue  to  be  dominant  in  the  High- 
lands; large  ground-water  sxipplies  will  be  developed  only  locEilly, 
as  in  the  glacial  outwash  deposits  along  major  streams  in  the 
glaciated  part  of  the  area. 

In  the  Coastal  Plain  of  New  Jersey  and  Delaware,  future  water 
developments  of  large  scale  quite  likely  will  take  advantage  of  the 
aquifer-stream  relationships  to  develop  the  maximum  water  yield  from 
a given  area.  By  inducing  recharge  or  by  artificially  recharging 
aquifers,  total  yields  may  be  increased  considerably.  As  an  example 
of  an  area  now  (1957)  under  investigation  for  such  development,  let 
us  consider  potential  development  of  water  in  the  Pine  Barrens  of 
New  Jersey. 

The  Pine  Barrens  form  a huge  tract  of  more  than  2,000  square 
miles  in  the  central  part  of  the  Coastal  Plain  of  New  Jersey  (pi. 3). 
They  were  originally  called  "barren"  because  it  was  difficult  to  grow 
corn  on  the  relatively  infertile,  sandy  soil.  ' The  Barrens  coincide 
generally  with  the  outcrop  of  the  Cohansey  sand  or  the  overlying 
Quaternary  deposits.  Pines,  oaks,  and  shrubs  (dwarfed  over  large 
areas  of  the  Barrens),  with  tufted  grass,  are  typical  of  the  natural 
vegetation.  More  than  3OO  square  miles  of  the  Pine  Barrens  are  in 
the  Delaware  River  basin,  chiefly  in  parts  of  Burlington,  Gloucester, 
Salem,  Cumberland,  and  Cape  Maj'  Counties. 

In  1876  Joseph  Wharton  bought  a large  tract  in  the  Pine  Barrens, 
and  in  I878  began  buying  large  additional  acreage  with  the  intention 
of  using  it  for  the  future  water  supply  of  Philadelphia.  This  plan 
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was  nvUified  when  the  New  Jersey  State  Legislature  forbade  the  re- 
moval of  New  Jersey  water  to  areas  outside  the  State.  The  Wharton 
Tract  was  acquired  by  the  State  in  195^  as  a State  Forest,  Park,  and 
water-reserve  area.  It  lies  outside,  but  close  to,  the  Delaware  River 
basin. 

Barksdale  (1952)  was  one  of  the  first  to  discuss,  from  the  view- 
point of  the  hydrologist,  the  potential  value  of  the  Pine  Barrens 
for  development  of  ground-water  supply  in  New  Jersey.  He  estimated 
that  more  than  1,000  mgd  could  be  developed  by  a properly  designed 
network  of  wells.  The  present  \n~iters  believe  that  this  estimated 
quantity  may  be  possible  of  development,  but  not  probable;  600-700 
mgd  would  be  more  likely  feasible  of  perennial  development. 

In  the  T-A-M-S  report  ( Tippett s-Abbett -McCarthy -Stratton,  1955 > 
p.  III-13  - III-16)  Leggette,  Brashears,  and  Graham  recommend  the 
emplacement  of  lines  of  wells  in  the  Cohansey  sand  along  the  MuUica, 
Batsto,  and  Wading  Rivers,  to  induce  recharge  and  to  derive  the 
optimum  quantity  of  ground  water  from  that  part  of  the  Wharton  Tract. 
The  water  derived  from  the  Mullica-Batsto  wells  could  be  diverted  to 
the  Camden  area  by  a proposed  aqueduct.  Water  from  wells  along  the 
Wading  River  could  be  diverted  to  the  shore  area. 

Similar  developments  of  wells  in  the  Cohansey  sand  in  the  drainage 
basins  of  Great  Egg  Harbor  River  and  Toms  River  would  undoubtedly  pro- 
vide important  quantities  of  ground  water.  Some  equitable  division  of 
these  waters  may  be  required  eventually,  in  order  to  supply  the  needs 
of  the  local  Inhabitants,  the  nearby  growing  shore  area,  and  the  in- 
dustrialized communities  of  the  Delaware  River  basin. 

Developments  of  water  of  this  kind,  and  on  the  large  scade  envis- 
. ioned  above,  would  reduce  streamflow  from  each  stream  basin  so  devel- 

i oped.  In  some  places  induced  recharge  would  take  water  from  the 

, streams  and  in  others  ground-water  pumping  would  reduce  the  discharge 

from  the  aquifers  into  the  streams.  Thus,  ripairian  rights,  or  exist- 
ing ground -water  rights  (not  on  streams)  might  well  be  interfered  with; 
also,  reduced  flow  in  coastal  streams  would  result  in  salt-water  en- 
l croachment  in  their  tidal  reaches  (unless  sadt-water  barriers  or  other 

j protective  works  were  employed  in  the  seaward  ends  of  the  streams). 

! Such  possible  large-scale  develoimients  may,  therefore,  have  far-reach- 

f ing  effects  and  would  doubtless  involve  not  only  hydrologic  and  eco- 

. nomlc  factors,  but  legal  factors  as  well. 
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and  BoralnaJ  dsposlts.  Materials  range  in  grain  size  fro* 
boulders  deposltsd  by  nslt-water  streeas  to  flne-gralns<< 
slit  and  clay  partlclet  deposited  In  lakes  and  marshes. 

In  trima  parts  of  basin,  not  differentiated  from  eiratl- 
flod  glacial  drift  of  uplsals  (pi.  30) . 
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Includes  dissected  gla<.’lal-oiitwBsb  fills,  river  terraces, 
kerne  terraces,  and  ksnes,  eskers,  and  deltas.  These 
deposits  are  generally  similar  to  those  described  as 
glacial  outvash  frcsi  vtalch  they  are  distinguished 
ohlefly  by  their  higher  topographic  position. 

Nmny  vprlngs  Issoc  from  thmm*  dmposlts,  and  snbrtuitlal 
suprpllms  of  vnt«r  may  b«  obtskinmd  in  tha  thickar  mmasas 
fixmi  both  spring!  and  vmXla. 

ui/ 
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Hf^tvrogmoeouft,  uoAortnd  ivposlts  ranging  frov.  clay 
particlat  to  bouIdarB.  Forma  a dlscontlnuoua,  ir- 
regular blanket  over  the  glaciated  northern  pai*t  of  the 
baa  In.  Uaua.1  thickneia  '^angee  fren  a fev  feet  to  a fev 
lena  of  feetj  rare  luuiaea  thicker  than  100  feet  generally 
occur  In  valleya  where  auch  nnaaei  are  tnterbedded  vtth 
glacial  out-vaaii  or  are  plaatered  againat  bedrock  of 
valley  val) • . 

1 Osnerally  not  a dependable  source  of  water  supply  bscaoss 
of  lladted  thickness  and  low  par*sablllty . In  many  area, 
springs  are  coasson  at  contact  with  underlying  bedrock, 
which  suggests  that  auch  of  the  contalaed  vater  la 
pemhed  or  aealperchad. 

and 

\Al 
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Heterogeneoua  unao^^e<i  materials  forming  elongate, 

MiauovM  rldgea  dap^yalted  at  the  margins  of  the  Wlsconaln- 
•tage  Ice  aheet.  Except  for  dlatlnrtlve  top»-igraphlc 
font  and  greatez  t^lcKucaa,  generally  similar  to  gla- 
clal  till,  but  contain  more  sand  and  gravel. 

Moraines  function  as  modsmtsly  panasahls  Intaks  ai-sss 
for  water  trsaemlttsd  to  underlying  rocks.  Water- 
ylsUlmg  capability  not  well  knovni  presvBshly  modwr- 
atsly  large  supplies  coaid  he  produced  by  modarn  wells 
.Irllled  In  the  thicker  snd  coarser  parts  of  ths  moraines 
Chemical  quality  of  vater  probably  good  for  most  purposw  > 

aand 

l" 

30 

' 

Forms  rims  and.  In  plmes.  Interiors  of  SBwll,  generally 
elliptical,  basins  throughout  Coastal  Plain.  Upper  part, 
fine-grained  aanu  aui  sllti  lower  part,  deposit  of  red- 
dish brown  poorly  sorted  coarse-gralnsd  sand  and  gravel. 

Bmaia  rima  daflact  runoff  to  baaln  castara  vhara  Infiltra- 
tions may  occur,  or,  vhara  ondar lying  matariala  ara 
aaturatad,  larga  Huunta  of  vmtar  may  ba  Lett  by  avapo- 
tranaplratlon,  3gm  baalna  may  (Uscharga  vmtar  by 
armpotranaplrmtloa  dtn-lag  auMaar  but  may  met  aa  points 
of  rachmrga  to  raglomml  vmtar  tabXa  .1  urine  nongrovlng 
aaaano. 

•ift 
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Stratlflsd  and  nonstratlfied  glacial  deposlta.  Including 
Jsrseyan  drift.  Owing  to  thslr  grsater  age  these  de- 
posits ars  more  highly  weathersd  anil  thersfore  contain 
more  city  and  silt  from  Wisconsin  deposits  of  similar 
origin.  Bot  differentiated  from  Wisconsin  deposits 
sxi-ept  south  of  limit  of  Wisconsin  glaciation  (pi.  Ik), 

< Oanarally  lass  panamabla  t.han  youngar  glmclaJl  dapoalta  of 
alaaXmr  origin. 

f . . - - 

IlUootui  40d 

ICiuiaaD  atagai 


tarl^ 

glacial  drift 


TaXbot  and 
fonaationa  ^ 


BLratlXled  and  nonatratiflad  glacial  d«f: 
Jersayan  drift.  Ovlng  to  their  great 
poalta  are  aiore  highly  weathered  and 
nore  clay  and  wilt  fro«  Wlaconaln  depci 
origin,  lot  differentiated  frcei  Vlecr^ 
except  south  of  limit  of  tfleconeln  ri - 


Coliaibla 

group 


Qnclaaelf led 
depoelta  5/ 


Peneauken 

fonaatlou 


Bridgeton 

formation 
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Bryn  Mawr  and 
Beacon  Hill  grawela 


lohansey  aand 


Middle 

Miocene 


Kirkwood 

formation 


Opper  Eocena 


Middle  Eocene 


Lower  Eocene 


Plnay  Point 
formation 
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Shark  Rlwar  atari 


Manaaquan  marl 


Tincentovn 

aand 


Form  a roughly  wedge-shaped  mass  thlnnl 
haring  tonguellke  extensions  up  larger. 
At  their  upper  ende  these  tongues  wer> 
with  later  glacial  outwaah  by  stream  c 
WlscoDsln  glacial  stage.  Consist  of  : 
weathered  streBm-deposltad  sand  and  ? 
ward  coast,  In  upper  part,  silt  ««d 
In  estuarine  and  marine  enrlronaeate . 

In  Delaware  topographically  higher,  but 
Talbot  formation,  and  at  least  partly 
the  Vleoaslco  formation.  In  Hew  Jerse; 
posits,  not  shown  on  plate  6,  zopog: 
stratlgraphleaUy  between  the  Brl.lget.-- 
formation  and  the  Cepe  May  formation,  ^ 
sandy  depoelta  not  unlike  weathered  pa. 
underlying  fonsatlvne  of  Creteceoue  au 

Elauketllke  strems-lald  and  deltaic  tep 
on  .-road  rldgea  and  terracsB;  topcg!-.,; 
yo...  ger  than  the  generally  similar  Er' 
Largely  fills  valleys  cut  in  the  E;  1 
formations. 

Remnant  of  a bianketllke,  chiefly  etrem- 
found  only  as  outUsrs  capping  broad, 
ridges  and  hlUaj  topographically  abov 
the  Pensauken  formation.  Lentloulsr  lt 
brown,  or  red  grarsl,  sand,  and  silt  w . 
ally  somewhat  more  weathsred  than  slm!  i 
the  Peneauken  formation.  In  acme  place i 
large  boulders  that  probably  were  raft'*; 
present  position. 

Ssmiconsolldated  weathered  grawslly  dspc> 
the  highest  bills  In  ths  Coastal  Plain 
and  Plsdmont  (Bryn  Msarr  gravel). 


Quartzoae  sand,  lenses  of  silt  and  clay 
thick,  and  some  gravel.  Probably  del  ; 
possible  grading  toward  coast  Into  as.- 
Is  generally  sceievhat  micaceous,  well  i 
coarse  grained,  white  or  light  grey  to 
lovlah-bravn,  or  orange,  and  la  local 
Silt  and  clay  also  are  light  colored,  ‘ 
colors  typical  of  silt  euid  clay  In  uu  ■ 
formation. 


Alternating  beds  of  micaceous,  quart zose 

or  allty  sand,  at  tope  of  formation  In 
Downdlp  toward  the  ccast  proportion  of 
creases , but  beds  of  sand  become  cosrp ' 
permeable.  Beds  of  clay  and  silt,  sstj 
tuts  at  least  four-fifths  of  total  thl 
C Ity , H . J. , are  blue , gra^y , and  brown 
fossils,  especially  diatoms.  Probably 


Coarse-  to  fine-grained  glauconitic  sand 
colored,  and  green'. sb -gray  clay.  Pose 


In  outcrop,  a mlctni'a  of  glauconite  and  . 
in  which  uppermost  3-3  feet  is  cemeulcf 

In  outcrop,  Icwer  pari  chiefly  glauconlti 
upper  part  an  ash;  mixture  of  very  flr.^ 
and  greenlsb-whlte  .-lay.  Marine. 


Uay  sand,  fossUlfer  ua  and  aoraevhat  con 
quartz  aand  contain ‘ q aome  glauconite, 
grade  aoutbeaatwar  -O  be-la  richer  In 
tte.  Marine. 
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. i-xia  : Usa  oad  . u,  ; Iti;..  ea  . Inter  lut  a of  min  i I,  , geuarexljr 
elUptl(.'&l,  baaLus  Uu-ougbout  Coauital  Plain.  Opper  part, 
fine-grained  aand  and  allt;  lover  part,  depoalt  of  :-ed- 
dlab  brovn  poorly  aorted  coarae-gralned  aand  and  gravel. 


tlona  say  occur,  or,  vbere  uadau' lying  aaterlala  are 
saturated,  large  aounta  of  nter  nay  be  lost  by  sTspo- 
tr snap Irat Ion.  Scma  basins  asy  disdurgs  vater  by 
erapotranspiratlon  during  atsasr  but  nay  act  as  points 
of  rechargs  to  regional  vater  table  daring  nongrcvlng 
saeson. 


Stratified  and  oonatratlfled  glacial  deposits.  Including 
Jarseyan  drift.  Ovlng  to  their  greater  age  these  de- 
poilta  are  mere  highly  veafnered  an>l  therefore  contain 
Bore  clay  and  allt  frern  Wlaconaln  deposlta  of  alallar 
origin.  Hot  differentiated  froni  vlaconaln  deposits 
axcept  south  of  Halt  of  Wlaconaln  glaciation  (pi.  Ih) . 


Qenerally  last  perMahla  than  younger  glacial  deposits  of 
slallar  origin. 


100 


POm  a roughly  vedge-ahaped  aaaa  thinning  inland  and 
having  tonguellfce  exteoalona  up  larger  atream  valleys. 
At  their  upper  euda  these  tongues  vere  coinplexly  mixed 
vlth  later  glacial  outvaah  by  atreeaii  currents  of  the 
Wisconsin  glacial  stags.  Consist  of  relatively  un- 
vestbered  streea-dspoalted  sand  and  gravel  and,  to- 
var!  ciast.  In  upper  part,  allt  and  clay  deposited 
In  estuarine  and  narlne  envlronaents . 


Tnt.ed  portion  contains  imconflned  vstsr,  but  sesvard  por- 
tion costals 1 vater  confined  by  upper  aanber  of  silt 
and  clay,  ChanMl-flU  deposits  of  highly  perBSsbla 
sand  and  gravel  locally  yield  1,000  gpm  or  Kra  to  nod- 
am drilled  veils.  Water  is  generally  of  excellent  chen 
leal  quality  birt  fomation  la  partlcnlarly  subject  to 
pollution  or  contssLlnat  Ion  froai  ssrfnee  soarces  and  to 
encroachnent  of  saline  vater. 
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In  Delaware  topographically  higher,  but  older  than  the 
Talbot  fomation,  and  at  least  partly  equivalent  to 
the  WlooBlco  fomation.  In  lev  Jersey  Includes  de- 
pi^slts,  not  shovn  on  plate  6,  topographically  and 
stratlgraphlcally  be'.veen  the  Brllgeton  or  Pensauksn 
fonaatlon  and  the  Cape  May  fomation,  and  silty  or 
s«u>dy  deposits  not  .mil ke  veatbered  parts  of  the 
underlying  formations  of  Cretaceous  snd  Tertiary  age. 


■Xanketllks  sirean-Uld  and  deltaic  deposits  nov  chiefly 
on  broad  ridges  and  terrscesi  topographically  belov,  but 
younger  than  the  generally  slnllar  Bridgeton  fomation. 
Largsly  fills  vsllsys  cut  In  the  Bridgeton  and  older 
fomatlons . 

Rennnat  of  a blanketllJte , chiefly  strsen-laid  deposit  now 
found  only  as  outliers  capping  bread,  i;on!''v  lioplng 
ridges  snd  hills;  topographically  above,  but  older  than 
'-he  Pensauhen  fomation.  Lenticular  beds  of  yellov, 
brown,  or  red  gravel,  sand,  and  silt  vhlch  art  gener- 
ally aOBevbat  nore  nathsred  than  similar  materials  of 
tnc  Penssuhen  formation.  In  some  places  contains 
large  boulders  that  probably  vere  rafted  by  ice  to 
present  position. 


Conetltute  nodarately  to  highly  pemsahla  blankatllks  de- 
posits vhlch  serve  primarily  to  collect  recharge  from 
precipitation  and  transKlt  It  to  underlying  aquifers 
la  deposits  of  Cretaceous  and  Tertiary  age.  Also,  vhere 
thick  enough,  furnishes  msl  1 supplies  of  vater  of  good 
chemical  quality  to  veils  for  dosastlc  and  fam  oaes. 
Buaoff  frtm  outcrop  aort  flashy  oad  Includes  a relatively 
high  proport  Ion  of  baee , or  grosood  -vater , f lav . 
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mlconsolldateci  weathered  gravelly  deposits  capping  a fev  of 
the  highest  hills  in  the  Coastal  Plain  (Baacon  Hill  graral) 
ead  Piedmont  (Bryn  Ksvr  gravel)  . 


Quartiose  sand.  Lenses  of  allt  and  clay  as  much  as  kO  feet 
thick,  and  tome  gravel.  Probably  deltaic  and  estuarine, 
possible  grading  toward  coast  Into  aarlne  deposits.  Sand 
Is  geuerally  saDevhat  micaceous,  well  sorted,  fine  to 
coarse  grained,  white  or  light  gray  to  pale  yellow,  yel- 
Lowlsh-brovn,  or  orange,  and  is  locally  Iron  canented. 
Slit  and  clay  also  are  light  colored.  In  contrast  to  dark 
colors  typical  of  silt  and  clay  lo  underlying  Kirkwood 
fomst  Ion . 


Alternating  beds  of  clcaceoua,  quartaose  sand  and  silt  or 

. s V . t _ • *.  . . W 4 t i V - o«  • laar«Sm 

or  silty  sand,  at  t>3pe  of  fomation  In  souther  Hev  Jersey. 
Oovndlp  towarl  the  sat  proportion  of  silt  and  clay  In- 
cmases,  but  beds  of  sand  bscome  coarser  grained  snd  aore 
permeable.  Beds  cf  clay  and  silt,  sstlmated  to  consti- 
tute at  least  four-f-lll»  of  total  thickness  at  Atlantic 
City,  H.  J.,  are  bins,  gray,  and  brown  and  contain  many 
fossils,  especially  diatoms.  Probably  estuarine  and  aarlne. 


Coarse-  to  f ine-graiced  glanconltlc  sand,  salt-and-papptr 
colored,  and  green'sh-gray  clay,  Posalllferousi  aarlne. 


In  outcrop,  a Blxtara  of  glauconite  and  light  silty  clay 
In  which  uppenmist  2-3  feet  la  cemsnted.  Marine, 


Hslatlvely  unimportant  hydrolnglcally  because  of 
extent  and  position  shore  the  tone  of  saturation  at 
most  places. 


An  aquifer  of  very  large  pobentlal  yield.  Water  Is 
mostly  unconflned,  but  is  semlconf loe-1  to  confined 
vhem  laneea  of  silt  and  clay  am  extensive.  Pemeabll- 
Ity  high,  probably  exceeded  only  by  soma  aand  and  gravel 
In  tha  ‘Isposlts  of  Plaistocena  age.  Modem  vella  of 
Large  diameter  aay  yield  100  to  1,000  gpm,  or  even  aore, 
where  thlcknese  Is  substantial.  uallty  of  vater  la 
generally  good,  bat  aquifer  la  subject  to  encroachswn*. 
of  eallne  water  along  coast  and  along  tboma  of  bay. 
Runoff  of  stremu  croaslng  outcrop  Is  largely  from 
ground-water  discharge,  owing  to  gentle  topography, 
high  Inflltratior.  capacity  of  the  eoll,  and  high  per- 
meability and  etorage  capa.rlty  of  the  aqulfsr. 


A sequence  of  several  aquifers  and  aqulcludas.  Watsr  oc- 
cura  mostly  under  confined  or  am  1 confined  conditions, 
except  at  sobm  places  In  the  outcrop,  vham  It  is  itncbn 
rxaed.  Most,  important  aquifers  laoluda  "dOO-foot" 
sand  of  Atlantic  City  ama  and  Cbeswold  and  Predarlca 
aquifers  of  Delavam.  fhasa  thicker  aqulfera  yield 
mom  than  $00  gjmi  to  modam  drilled  walla  of  large  di- 
meter. Water  is  generally  of  good  to  excallant  qual- 
ity, although  salt-water  sncroachment  bos  occurred  in 
parts  of  Salem,  Cmberland,  Cape  May,  and  Ocaan  Countlaa, 
N.  J.|  content  of  Iron  on>l  silica  la  troubLasomaly  high 
lA  plaoea.  Runoff  from  clayey  parte  of  outcrop  probably 
IB  flaahy  but  la  auch  evenar  from  eorndy  amaa. 


In  outcrop,  lower  part  chiefly  glauconite  (greensand) i 
upper  part  on  aoliy  alxture  of  very  fine-grained  aand 
and  greeolth-vhlte  clay.  Marine. 


Poteut.iaUy  on  laportaat  aquifer  In  eoutham  port  of  baaia. 
Withla  tha  baaia  axleta  only  in  aubaarfaca  aad  all  water 
la  comflmad. 


An  aqulcluda  laverfeatly  confining  tha  water  In  the  Tln- 
ceotown  aand.  May  be  mom  affective  am  aa  aqulcluda 
downdlp,  vham  the  ttalckmasa  la  gmatar.  Runoff  from 
outcrop  moderately  flaahy. 


A minor  aquifer  containing  water  under  unconflned  condi- 
tions In  outcrop  but  mater  -rmTlMd  — irwi.iin 
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PaI*oc«Da 


Moiauiitb 

group 


Upp«r 

Cretareou* 


Mcrcvaa 


I 


TlocanUnni 

MBd 


BorosrsPovn 

marl 


n»^  Bank 
•aai! 


LiJ^  Mno,  foss:l-if«r  . mri  aouv^.a; 
2(k)  quart!  aanxl  co&talr.Uig  »»«  glauconl' 

I grade  aoutheao'uar  Into  teoa  rlcUer 
Ita.  Marine. 


Dark-green  to  greenli^-black  glauconite 
aand  and  clay  geoarally  elallar  to  le 
foealllferiouaj  a«:laa> 


Sand,  fairly  coaraa  grained,  yellow  or 
crop,  dark  gray  In  iubenTface.  Lower 
and  eoM  glauconite.  Mias  lag  In  cent 
Jersey,  .-n  upper  aseber  in  Moiaoutb 
Tlnton  sand  saeber,  contiats  of  aoeae 
Itlc  clayey  aand,  Sotb  lalte  aarlM. 


ifi5 


Maeealnk 

■arl 


: 8r»en  glauconitic  early  saad  and  clay  a 

5'  I ahell#.  'Jnper  part  .'antalna  algber  p 
7 tban  lover  part . In  Ltelavare  not  die 
Laurel  eanj.  Marina. 


Moun*  Laurel 
•end 

110 

1 Glaucoaltlc  quaric  pand;  el no-  asount  oi 
' northern  neiairare  iraere  not  readily  di 

1 Nawetlak  aarl.  Dand  Is  gndlia  to  coat 

' and  pepper  colored,  unooneolldated  tc 

Idated,  In  places  ceoented  by  1-on  axj 

Waaonab 

sand 

Micaceous  quartz  aand)  local  thin  beda  c 
Sand  la  slightly  glauconitic,  fine  to 
or  black  where  freeli,  but  weatberl-^g  t 
red.  Marine. 

MaraheiLltr^vii 
fomat  Ion 

125  , 

i 

Orcealah-black  to  tlack  sandy  clny  and  2 
glauconitic  sand  chat  becoae  sure  abon 
subsurface  scnevtir'  difficult  to  diet! 
town  and  Wenonah  sau'le.  Posslltferous 

.'iigliehtcfva 

»and 

160 

Quartz  sand,  flna-gralnad  to  pebbly)  a I 
of  clay  and  silt  which  beccae  aore  abi 
southern  and  caatem  areas  and  In  uppa 
Sand  Is  loose  or  slightly  consolidate! 
by  Iron  oxide;  white,  yellow,  and  bra* 
gray  In  subsurface.  Missing  In  Delaw 
Hew  Jersey.  Lagoonal  and  luirlns. 

'•ooebory 

lay 
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Black  or  blulab-black  tough  clay,  aoaei 
glauconitic)  upper  pert  slightly  aeik 
laelnated.  Hot  recognlied  In  Ovleva: 


I 

1 


Merchant vllle 
clay 


Black  or  greenlah-black  glauconitic,  a) 
erally  greaay  and  Baaeire;  aoae  ailt 
aand,  particularly  In  upper  part.  Mi 


Magothy 
fonaat ion 


Raritan 

foraatlon 


5,000  ♦ 


lower 

Cretacecua 


PotcBac 

group 


Patapaco 

foraatlon 


Patuxaht 
foraat Ion 


125-190 


A saavard-thlckanlng  wedge  of  noraarir-^ 
aeeeral  enTlroanent* — atren,  aarak, 
arlna--aad,  la  tha  JPper  part,  local 
enelrocaanta.  Deposits  eonalet  of  fcl 
coetlnuouB  beda  of  »end,  clay,  allt. 
Many-colored,  toagt  clay  la  character 
fine-  to  coarae-grelbed  aand,  eueb  of 
Lignlta  (bran  coal)  and  pyrlta  (iroa 
eally,  and  a fee  tlln  beda  coBtalolng 
la  aaainuM  part  of  bait. 


nark  greonlab-gray  rae-  to  aedlue-gra. 
. onalatlog  prlaeljptUy  of  plagloclaai 
aa  alUa  aad  Jlkse  latrudlag  TrlaMl> 
Spareely  rractured)  weather*  to  lars 
Ptorae  prcBilnent  rlagis  and  blHe. 


■i'P«r  'ijo;  t.  iU*  ^~x\zx^  .<T  yar 

Kfi  sr««nl»U-v(!' te  .lajr.  Hiurtja*. 


UUI.1 


.oiruaH;.  oijsi*  tha  tklckaa**  t*  sfan’-mT.  !\\aiotf  from 
omorop  uxicrcMior  Tljuibf, 


LiMj  Mnd,  loatli--”  u mj.l  aanavbHt  coo»ollilat«iJ , awl 
quartz  «on>l  acne  glaucoolta.  B»<1>  of  auid 

frti-iB  aoutbtfa«*var . ujto  V*fhJi  ri'-'har  la  oXa^r  (jLaucoo- 
lie,  Mar'-iif. 


U»rk-»r«ai5  to  graanlDi-blw-k  tlaueoaU*  (<ra«ii»and))  acM 
anoil  azkl  cUor  gonarivIX^  atalliir  to  kavaalnk  aarl.  i^«ily 
fcBallifCTTHiS;  mzXM. 


MUl . .alfSy  ^ >&TM  CTAiMd  I >«X1qv  Or  r^ddlah-ortwn  In  oat* 
.rri^rp,  Urk  fray  la  dibaorfaca . Uw«r  part  tontalaa  clay 
anJ  aaa  ulouconlU.  KlaaU«  la  saatraa  and  aoutkara  ■«« 
Jaraay.  n uppar  nabar  la  Honaoutb  County,  H,  J.,  tna 
Tlaton  i>u>d  mBbor,  v:on»lata  of  aoMnhat  ladurataa  «laucon- 
ttl'-  .'layvy  aani.  Both  imlta  aarlaa. 


A alaor  aqalfar  contalalix  ntar  uwlar  unconflnad  condi- 
tion* In  outcrop  but  undar  cooflaad  condition*  dovndlp 
vtiaf^  ovarXala  by  Manaaquan  narl  or  by  bad*  of  clay  la 
Xlrkwpod  fomatloa.  Walla  ylald  a*  noh  a*  3OO  (jni 
froa  thlckar  part*  of  aqulfar,  but  ylald*  of  3O-IDO  gpa 
ara  nora  coanon.  Watar  i*  ralatlTaly  bard  and  - 
bl4l>  la  dl**olTBd-*olld*  coatant  and  cootala*  troubla- 
aoaa  Mouat  of  Iron  la  plana*.  Outcrop  1*  fairly  par- 
■aahl*  and  ororldaa  aubataatlal  aaount  of  Krouad-vatar 
liacharga  to  anatala  baaa  flov  of  (traaa. 

fosatbar  vlth  kaTatiak  aarl,  foma  laparfact  sqnlclud* 
raaclag  la  tblokaa**  frta  39  to  70  faat.  't  *aa*  plac** 
aandy  part*  of  lomarrtoan  ylald  aiall  supplla*  of  watar 
for  'lonaatlo  oaa . kunoff  froa  outcrop  probably  rathar 
flaaby. 


A nlaor  aqulfar.  NUtbla  tba  banln,  not  thick  aDoa«b  to  ba 
larolopad  for  acira  than  donaatlc  auppUaa,  but  outalda 
tba  baala,  an  Laportaat  prod  near  la  KooBoutb  and 
Qortbwartam  Ocaan  Countlaa,  X.  J. 


■Z 


*aa  i Ic  Barly  aand  and  clay  and  a baaal  bad  of 

analla.  UpT^r  part  :ontalaa  nl*bar  proportion  of  clay 
•ban  lovwr  rart . Ir.  Dalauara  not  llatlagulahad  froa  Xount 
taural  aasa.  Marina 


aiau.-. ml*  K-  quartz  aand;  glaor  auount  of  clay,  excopt  lu 
iv>r*bani  Daiauara  uiiara  not  readily  dlatlagulabable  Frmi 
karri  Ink  aarl.  Peuwl  la  aedlua  to  coar«e  gratnad.  talt- 
““1  E*?!*'  colored,  .incoueoUdated  to  aUghtly  cocaol- 
Matad , In  place*  caaen  ad  by  Iron  oxlda.  Marla*. 


Mj.-acaou*  quartz  Band)  local  thin  bad*  of  *Ut  and  clay. 

Sam  t*  (lightly  glauconitic,  fine  to  nedluB  grained,  gray 
or  black  where  freab,  but  weatbarlng  to  yaUciu,  brown,  or 
red.  Marine. 


Creenlab-black  to  black  sandy  clay  and  lenticular  bad*  of 
glauflonltlc  sand  that  becoaa  aor*  abundant  dovndlp . In 
eubaurfacR  ■anevtu*  difficult  to  distinguish  frem  BogUah- 
town  and  Werwnah  aaoda.  Fbaalllferouaj  aiarlna. 

Quartz  sand,  flna-gralnad  to  pabblyi  a fav  lenses  and  seau 
of  clay  and  silt  which  bacosa  sore  abundant  dowsdlp  In 
•outbam  and  ******  area*  and  In  uppar  part  of  fonation. 
Sand  1*  looa*  or  slightly  cooaoUdatsd,  locally  caatnted 
by  Iron  oxldej  white,  yellow,  and  brown  In  outcrop,  light 
gray  la  subanrfac*.  Nlaalng  in  Delewar*  and  aouthamaost 
■aw  Jersey.  Lagoonal  and  ■arlna. 


Tngethar  vltb  orarlylng  Bomsretoim  ouirl  fora*  an  axtenain 
though  laparfact  aqulcluda  haring  a coablaad  thlckns** 
of  3$-70  faat.  In  Dalevar*  south  of  Cbaaapaake  and 
Oelaifara  Canal,  foraa  a poorly  productlr*  aqulfar  In  con- 
junction with  Mount  Laurel  sand.  Baae-axebanga  propar- 
tlas  of  glaucoolt*  In  laraslnk  and  Homaratovn  aarl* 

I aay  soften  water  In  adjacent  aqulfars.  fbinoff  fr<xn 
outcrop  probably  rather  flashy. 

I*  kav  Jersey,  Wenonab  and  Mount  Leural  sands  together 
fora  an  exU-alrw  alnor  aqulfar.  In  Dtlavars,  Mount 
Laurel  aand  fora*  a poor  aquifer  or  an  ieparfact  aqul- 
clud*  In  conjunction  with  Naratlnk  aarl.  Bad*  of  sand 
■odarataly  to  highly  pansaahle;  few  bad*  of  silt  and 
clay  poorly  paraaobla.  Proparly  located  and  conatructac 
wall*  yield  about  50  to  JOO  gpa.  Water  *llghtly  or 
isodarataly  bard  and  nodarat*  In  dlaaolvad-aolid*  eoetant. 
Iron  content  rarlabla,  troublascmaly  hl^  at  sea*  places. 
Rlgh  porosity  and  Infiltration  capacity  produc*  rala- 
tlraly  large  aauunt  of  ground  water  arallable  for  base 
flov  In  etraag*  crossing  ootorop. 

A scoewbat  laaky  aqulcluda  confining  water  In  EngUahtown 
aand.  Punctioo*  a*  an  aqulcluda  togatbar  with  underly- 
ing Woodbury  and  Kerchantrllla  clays  In  Salan  County, 
k.  J.,  but  has  not  bean  racognlsad  fartbar  sonthwwat  In 
Daliuara.  Sandy  parta  yield  as  such  a*  kO  gya  to 
IcBestlc  well*.  Hupoff  froa  outcrop  probably  rathar 
flaaby. 


Watar  nnconflnad  in  outcrop)  confined  dovndlp  by  overlying 
Maraballtown  fomatlon.  Productivity  of  aqulfar  rangaa 
batwasD  wide  1 Inlta , dapandlng  on  thlcknaaa  pama- 
ablUty  of  aand  bads.  Properly  constructed  mdaru  wall* 
■aj-  ba  *xp*<-t*d  to  yield  about  50-500  gpn. 


Black  or  blulab-blnck  tou^  clay,  sonarwhat  alcaceous,  not 
glauconitic)  upper  part  slightly  aandy  and  distinctly 
IsBtuatad.  Hot  racognlzad  In  Dtlswarw.  Marin*. 


Black  or  graanltb-black  glaueoultlc,  alcaeaoua  clay,  gen- 
•raUy  grassy  and  aanslvs)  seas  slit  and  flns-gralnad 
sand,  particularly  In  upper  part.  Marla*. 


Woodbury  and  Marchanlvlll*  elaya  together  font  th*  neat 
extanalv#  and  laqierMsbl*  aqulcluda  In  tba  Coastal  Plain. 
Aqulcluda  la  tiqxirtant  In  protecting  uudarlylng  aqul- 
fare  In  nomaarlna  sadlnanta  frcB  contaalantlon  or  froa 
aocroachBent  of  aalt  vatar  and  also  In  rastrleting  lost 
of  watar  frcai  those  aqnlfsra  by  upward  laakaga.  A fav 
vaU*  tap  aandy  parti  of  MarehantvlU*  clay,  but  Woo-lbw. 
clay  la  avarywhara  too  Inpanaaabla  to  ylald  aatar  to 
wall*.  Runoff  frea  outcrop  rq>ld  and  flaaby  barnuas 
low  Infiltration  capacity  of  soil*. 
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A aaawmr-1-thlckaalag  vwdg*  of  noaurln*  deposits  rapraaaatlng 
aavaral  *ovlroiBsnta--atraan,  narah,  lagooaal,  and  aatu- 
srla*--aad,  la  th*  uppar  part,  local  naar-ahora  narlna 
aonroaaanta.  Depodta  coaslat  of  highly  laatlealar,  dla- 
eoatlnuooa  bad*  of  »*bl,  clay,  ellt,  and  little  gravel. 
Maay-eolnrad,  toagt  alay  1#  cbaractarlstle,  as  la  light, 
riua-  to  coaraa-gralaad  sand,  aucta  of  ahlcb  la  eroaabaddsd. 
Llgnit*  (bream  ooau)  and  pyrtt*  (iron  twlflda)  ocowr  In- 
eelly,  and  a fee  uta  beds  coatalnlag  aball*  ar*  pratant 
la  aaaward  part  of  unit. 


A ixz^plex  group  of  Isnttonlar  aqalfUrs  r—*  aqat«im 
CanatetuSaa  tba  anat  leportact  praaaot  aear- a r 
water  In  th*  baa  In.  Subject  to  racharga  ■*.*.-  * 
th*  ntlewar*  Rlvar  aatuary,  aiki , la  » r*  u*«e  *— 
Jersey,  froai  Raritan  Bay  Peraaar.:Utj  ,,4 

blUty  of  aand  beds  are  hl^  , ea**;’ 
such  a*  In  uortharo  Italawura,  whara 
t>f  the  san.1  la  radurad  subst  wit  .a.  1*  b>  # • 
clay  content.  Altboi^  oaU  ylalo*  at  a*  1 ^ 
ar*  T.uatnn,  and  nai.y  a*  11a  ytali  a*-  w 
Inrlty  an)  vnrlabla  s«ranatU|t.  * ^ „ 

problwaa  In  local  Im  was  waV^  * «a  • 

Ity  of  natltpa  watar  la  .a  av|w.  . a, 

pln'es  wa'ar  In  •*#  a<  -a-a  '•»  - . « 

surface  as  , w 

Cfm  'Mlewara  •'•e  Va.a.  » au  ^ 
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Moun>  Laurel 
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lin  I 


Wnnotvah 
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oorttiera  Iwiavi  vliere  oot  rea<iily  dlsi.. 
Nawaink  aarl.  %aod  i>  medliai  to  coarar 
axid  pepper  eoloreil,  unconoolldatad  to  •!: 
idatad , In  plaraa  cemantad  by  Iron  oxldn 
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Mlcaceoua  quartz  sand;  local  thin  b«da  of  i 
Sand  la  allghtly  ijlauconltlc , fine  to  Be 
or  black  where  freab,  but  weathering  to  ( 
red . Marine . 
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Oreenlah'black  to  black  sandy  clay  and  Ian 
glauconitic  sand  iiat  t>eccBie  nore  abunda: 
subsurface  scnevh/>  difficult  to  dieting-, 
town  and  Wenonah  aan:a.  Pbsalllferous;  e 


Quartz  sand,  fina-gralnad  to  pebblyj  a few 
of  clay  and  silt  which  becoae  aore  abunda 
southern  and  carter;:  ‘ireas  and  In  upper  p 
Sand  la  loose  or  slightly  consolidated,  1 
by  Iron  oxide;  white,  yellow,  end  brown  t 
gray  In  subsurface.  H'.sslng  In  Delaware 
Sew  Jersey.  LegooruO  and  ausrlne. 


Black  or  bluish-black  tough  clay,  soBSwba'. 
glauconitic;  upper  part  slightly  sandy  si. 
laminated.  Sot  recognized  la  Delaware. 


Black  or  greenleh-blsck  glauconitic,  alcace 
erally  greasy  and  nasslTc;  some  silt  and 
sand,  particularly  In  upper  part.  Harin« 


A eeewari-thlckenlng  vtdge  of  noosurlne  dep- 
seTeral  enTlronear.'.i — streags,  narak,  lago. 
arlne--and,  in  the  .TipTf  P*rt,  local  near 
enrlronMota.  Depcilts  consist  of  highly 
continuous  beds  of  thnd,  clay,  silt,  and 
Many-colored,  toegt  clay  le  charactarlstl 
fine-  to  coarae-grilBed  sand,  auch  of  whti 
Lignite  (brown  coa)  and  pyrlta  (iron  eel. 
cally,  and  a few  tin  beds  containing  she. 
In  seaward  part  of  unit. 


nark  greenlab-gray  fine-  to  laedliBi-gralne.; 
-onsletlng  principally  of  plagloclase  an. 
as  sills  and  llkas  Intruding  Trlaailc  an 
Sparsely  fractiawd;  weathers  to  large  roc 
ft>ms  prmloent  ridges  and  bills. 

Dark  bluish-  to  .creenitb-gray  flne-graine 
consisting  principally  of  plagloclase  an. 
as  flows  loterbeddsd  with  upper  part  of  • 
Lecally  as  BuUl  dikes.  Broken  by  colm. 
lag  fractures  into  polygc'Ual  'olisuiB  whlc 
perpendicular  to  upper  and  lower  surfaco 
proalnent  crescentic  ridges,  tbs  Watchunj. 
nor* hem  New  Jersey. 


:■ 

-.1-.  lii-  • frutt 

Ifar»«lak  sa  ' -an-  oeilua  to  coarse  gralna<J,  tait^ 

and  p^)7per  colored,  vui  ':<•  ^lldated  tc  flightly  conaol- 
Idatad , 1a  plaras  by  iron  oxida.  Marine. 

.'orm  an  ejcteusiwe  mlooi  a^iulfer.  In  Dsxevare,  M unt 
Laurel  aaad  forms  a poor  aquifer  or  an  Imperfect  aqul- 
olude  in  conjunction  with  Naresiok  marl.  Beds  of  sai>d 
moderately  to  highly  few  beds  of  silt  and 

clay  ]joorly  penmsabLs.  Properly  located  ■mi  constructed 
wells  yield  about  50  to  yX)  gjxE,  Water  slightly  or 
noderately  hsird  and  modarate  in  lissolTsd-sollds  content. 
Iron  content  Tartable,  troublesomisly  high  ac  sane  places 
R.lgh  porosity  and  Infiltration  capacity  produce  rela- 
tively Large  amount  of  ground  water  avallahle  for  base 
flow  in  strewia  crossing  ovtcror  . 

1 
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Mlcat'eoua  quartx  sand;  local  thin  beda  of  silt  and  clay* 

Saoti  ie  slightly  glau<?onltlc , fine  to  »edlvai  gralnea,  gray 
or  black  where  fresh,  but  weathering  to  yellow,  brown,  or 
red.  Marine. 

L 

r ^ 

Oreeni^-black  to  black  sandy  clay  and  lenticular  beda  of 
glauconitic  eazul  that  bec'joe  sore  abundant  downdip.  In 
subexirfare  anomdv^  difficult  to  dlstlngula^i  froin  English^ 
town  and  Venonah  sa;. :s.  Fbsalllferous;  marine. 

A sonewhat.  leaky  aqulclude  confining  water  In  Kngllshtovn 
sand.  fUDCtloiis  as  an  aqulclude  together  with  underly- 
ing Woodbury  and  MerchantrlUe  clays  In  Salem  County, 

9.  J»,  but  has  not  been  re  ognlsed  farther  southwest  in 
Delaware.  Sandy  parts  yield  as  much  as  UO  gpn  to 
,io8iestic  wells.  Jhinoff  from  outcrop  probably  rather 
flashy. 

• II 

Quartx  sac  , flne'^grained  to  pebblyj  a few  lanses  and  seams 
of  clay  and  silt  vhlob  beccne  more  abundant  dovndlp  In 
loirthem  and  eastern  lu'eaa  and  In  upper  part  of  fomatlon. 
^d  Is  loose  or  slightly  consolidated,  locally  cemented 
by  Iron  „.xlde;  white,  yellow,  and  brovn  In  outcrop,  light 
gray  lu  subsurface.  Missing  in  Delaware  and  southernmost 
9ev  Jersey,  lagoonn.''  ana  marine. 

Water  unconflned  In  outcrop i confined  downdip  by  overlying 
Marshall -town  formation.  ProductlTlty  of  aquifer  ranges 
between  wide  limits,  depending  on  thickmess  and  perme- 
ability of  sand  beds.  Properly  constructed  modern  wells 
may  be  expected  to  yield  about  50-500  gpm. 

L 
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Black  or  blulth-black  tougb  clay,  ao«vbat  alcacaoai,  not 
glauconitic)  oppar  part  .lightly  aandy  and  diatlnctly 
laminated.  Rot  racognliad  la  Oalaeara.  Karina. 

Woodbury  tnd  M.rchmntvill.  elky.  togwthwr  for«  th. 

axt.okl  It  uid  l^Mmskbl.  wjuloloda  lo  tba  Coa*t.Ll  Plais. 
Aqulclud.  1.  lj^>ortajit.  Is  protactlsg  uadarlylag  aqui- 
fer. in  ooDsarloe  aadlnant.  froB  -ontaBlsatlon  or  froB 
•ncroachBent  of  aalt  water  and  also  In  restricting  loss 
of  water  froB  those  aquifers  by  upward  leakage . A few 
wells  tap  sandy  parti  of  KerchantTlUe  clay,  bot  Woodbury 
clay  ia  eweryvhere  too  lepemeable  to  ylald  water  to 
walla.  Runoff  froB  outcrop  rapid  and  flaahy  becauaa  of 
low  Infiltration  capacity  of  aolli. 

■ I« 
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Black  or  graenlah-black  glauconitic,  aleaceoua  clay,  gen- 
erally greaey  and  Baaelre;  aoae  .lit  and  flna-gralnad 
aand,  particularly  In  upper  part.  Marina. 

. i ^ / A 

A aeavard-tblckanlng  v.dge  of  nonaarlne  depotlta  representing 
eereral  eOTlroiaan-.i--streem,  aarab,  lagoonal,  and  estu- 

A group  of  lenticular  aquifers  aqulcludes. 

CeajrtiltmSes  the  Bw>st  important  present  source  of  ground 
water  in  the  basin.  Subject  to  i*echarge  induced  fmm 
the  Delscvare  River  estuary,  and,  in  northeastern  Sew 

oa 

1 

o 
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arlna — and.  In  the  jpper  part,  local  near-shore  aarlne 
enrlrosMDt.,  Depodte  eonelet  of  highly  lenticular,  dla- 
coatlDuous  beda  of  »anl,  clay,  allt,  and  little  graeal. 
Maay-colored,  tongl  oley  la  cbaractarlatlo,  as  la  light, 
fine-  to  coaru-griined  sand,  much  of  which  la  erosahaddad. 
Lignite  (brows  coa)  and  pyrlte  (iron  aalflds)  oeour  lo- 
cally, and  a few  tin  bede  containing  shalle  are  present 
In  seaward  part  of  unit. 

blllty  of  aand  beda  are  high,  except  in  sobb  place., 
euoh  as  In  northern  Delaware,  whore  perBsablllty  of  a». 
of  the  sand  la  reduced  substantially  by  It.  .lit  and 
clay  content.  Although  veil  yields  exceeding  1,000  gpB 
are  cooBcn,  end  many  wwUe  yield  300-1,000  g]Bi,  lontlcu- 
larlty  and  variable  permeability  of  sand  aquifers  create 
problems  In  location  and  dealgn  of  wella.  ChaBlcal  qual- 
ity of  native  water  is  relatively  good,  but  in  eevwraj 
places  water  in  the  aquifers  has  been  contMinated  fi-ca 
surf ace  eourcee,  or  by  encroachaent  of  poor-quality  water 
from  Delaware  River  E.tuary  and  Raritan  Bay. 

. . . , r ^ 
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!mxk  greenlsh*gray  fias*  to  medlm^-gr aimed  cryvtslliAe  rock 
cooslsting  prlAclptlly  of  plaglociiise  aad  auglte.  Occurs 
as  sills  and  dikes  Intruding  Trta— ic  sod  older  rockSe 
^arsely  fract>a*ed;  weathers  to  large  rounded  boulders, 
^rms  prominent  ridges  and  hills. 

»« 
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Aoiong  ths  Isast  favorahls  sourcss  of  water  supplies  In  the 
basin.  Only  fractures  contain  water;  poroelty  and  par- 

It 

900 

Elmrk  bluish-  to  greealsh-gray  fine-grained  crystalline  rock 
consisting  principally  of  plagioclase  sod  auglte.  Occurs 
as  flows  interbeddei  with  upoer  part  of  lewark  group,  and 
lecally  ns  amaU  dikes  Broken  by  coltmnuir  Joints  or  cool- 
ing frai'tures  into  polygrnal  co^imms  which  generally  are 
perpendicular  to  upper  and  lower  surfaces  of  flows.  Forme 
pr  nioeDt  cres  entlc  ridges,  the  Vatchung  Mountains,  in 
nor-*  hern  New  Jersey. 

■•ability  are  very  low.  Uneuccee.ful  wells  ore  .OBBwjn, 
and  the  average  yield  of  wells  1.  lets  than  5 STB- 

Carboniferous  systems 
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\000 


Neimrk 

group 


Lockato; 

formation 


3,80®  ♦ 


Stockton  . 
formation  i/ 


5,0t«  1 


Soft  red  shale  Loterhedled  vltb  Maallsr 
red  slltstone  and  fine-grained  sandsto 
yellov,  gray,  and  purple  abale  and  arg 
dlacontlnuous  lansea  of  landatone  and 
along  northern  border  anl  also  In  an  a 
south  of  Reading,  Pa.  Slltstona  and  a 
lively  mere  ahundar.’  throughout  format 
east,  outside  the  batlh.  Sear  diabase 
fela,  a hard,  dark  gray  finely  crystal 
altered  shale  fnnas  elcogate  lovlands 
of  more  resistant  rocks.  Weatbsrs  mos 
composed  of  dark  rel  clay  loam. 


Chiefly  ihlck-bed.led  lark-gray  to  black  1 
clayatone  or  alltsione).  Includes  occ< 
bedded  lark  shale.  Impure  limestone  an 
an.:  In  upper  part.,  ‘oturjea  of  dark  red 
red  shale  of  type  occurring  In  Briioavlt 
irhlch  It  la  gradational.  rglUlte  foi 
eliere  It  la  Intarbeiiei  with  softer  ah> 
where  weaker  tones  art  at  sen"  . Waathei 
brown  clay  loam. 


Light-gray  or  yellor  amilias-  to  coaree-gr 
stone  containing  ouch  feldspar  and  t — 
aauunts  of  conglomerate,  flna-gralned  r 
■tone , and  soft  rsd  shale . bower  part 
generally  samsvnai  coarser  grained  thai 
are  cosssonly  lantlculsr,  although  thick 
quences  of  bed*  aay  extend  for  many  ml] 
glnsHrste  form  ridges)  soft  red  aandstc 
iBtsrvsnlng  valleys.  Soils  variable;  e 
permeable  on  coarse-gralnel  arkoae  and 


r—i — ' 1 « / R p 1 

' 

V . . ^ 

Qray  or  brown  ahala  and  flns-gralnad  sand 
cits  coal,  fire  clay,  and  black  carbona 
ahalai  scattered  leraea  of  coarae-graln 
conglomerate.  Coal  beds  are  moat  persl 
are  lenticular  acd  change  In  character 
dlatancea.  In  valleys  surrounded  by  ca 
ridges;  weathers  to  sandy  loam. 

f i n 

1,500  ± 

Potturllle 

fnn«mtlon 

1,500 

Hard  quartzoae  conglcawrate  and  coSLrse-gr 
few  thin  beds  of  coal  and  carbonaceous 
Becomes  thinner  and  finer  grained  towar 
Conglomerate  forms  ridge  enclosing  coal 
lain  by  AUegben;.'  formation. 

Mauci.  nk 

I >rr.»*t ' Q 

3,000  1 

Alternating  lenticular  beds  of  red  sliale 
some  lenses  of  cuV'tooierate  In  upper  p 
thickest  and  coarsest  In  Schuylkill  Co 
vsLTd  it  thins  abnr'tly  and  green  shale 
prominent.  F\>ms  valleys  between  ridgi 
and  Pottavllle  formations;  weathers  to 
shallow  to  moderate  depth. 

Pocono 
format  Ion 

1,600  t 

Gray  or  ymllcvlah-gray  bard  quartsoss  sai 
arata;  soma  thin  bads  of  greenish-gray 
grean,  gray,  aad  red  shale,  and  local  1 
Lika  the  Pottarllla  and  Nauch  Chunk  fht 
comae  thinner  and  finer  grained  toarard 
prominent  rldgee;  weathers  to  stony  sol 
modarate  depth. 

All 

1 

Somewhat  lenttomlmr  beds  of  red,  gray,  or 
ahala,  and  aosm  congXosmrata . Rapreaen 

S(lc  of  the  geologic  for«At  loiu  ‘uvl  uzil*  » In  the  nela^rare  RIvBr  basin^-Contlnuel 
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I ABLE  I (Cont'd.  ) 


Maxlaiflc 
t hl^kj^esa 
(f-0 


•'It, 
D J- 


' ,000  1 


Phyelcal  propertlei 


Soft  red  eb&le  interbed  led  vlth  «LaJ.ler  anounte  of  brovnlih- 
red  slItstoQe  and  flue>gralned  sandstone,  and  £preen, 
.ellow,  gra^',  anl  purple  shale  and  argillite.  Includes 
discontinuous  leases  of  sandstone  and  conglnsMrate 
along  northern  border  and  also  in  an  extensive  aurea 
south  of  Reskling,  Pa.  Slltstone  and  sandstone  rela* 
tlvely  sere  abundant  throu^out  forskstlon  in  the  north- 
east, outside  the  basin,  lear  diabase,  altered  to  hom- 
fela,  a hard,  dark  gray  finely  crystalline  r‘>ck.  Un- 
altered shale  foras  elongate  lovlands  between  lov  ridges 
of  sore  resistant  rooks.  Weathers  Bostly  to  thin  soils 
ccsuposed  of  iai'k  red  clay  loos. 


Hydrologic  properties 


Contains  unconflned  water  in  weathered  part  aboTe  a depth 
of  about  2^  feet  and  seaiconfined  to  confined  water  in 
coaparatively  permeable  zones  rarely  more  than  20  feet 
thick  froBi  250  to  about  6OO  feet.  Long-term  yields  of 
wells  coMonly  are  no  more  than  one-third  of  the  Inltlsil 
yield,  fields  of  drilled  wells  3OO-60O  feet  deep  range 
frcB  about  25  to  500  gpm  and  are  generally  greatest  in 
the  northeast  part  of  the  Triasslc  Lowland,  outside  the 
basin.  Water  is  moderately  mineralized  and  moderately 
hard  but  is  satisfactory  for  most  usee  wlthoirt  treatment . 
Runoff  from  outcrop  is  very  flashy  because  of  thin,  poorly 
permeable  soils  and  relatively  — ^ ^ available  ground- 
water  storage  capacity  of  the  formation. 


» 


Chiefly  thlck-bei lei  dark-gray  to  black  argillite  (hari 

claystone  or  slllstviae).  Includes  occasional  zones  of  thln- 
bedded  iark  shale,  lapure  llmeatone  and  iLm^'  argillite, 
an.;  In  pari,  ‘.ongues  of  dark  red  argillite  and  S'lse 

red  shale  of  type  occurring  In  Hrimswick  formation,  with 
which  It  Is  graJatlv^nal . rgllllte  forms  pronineot  ri>^tges 
where  It  is  Inierhe!  :e  1 vlth  softer  shale,  ani  plateaus 
where  weaker  zonee  eire  afcsen*  . Weathers  to  thin  yellowish- 
brown  clay  loam. 


i'sn  unlaportant  source  of  water  supply  because  of  its  very 
low  porosity  and  permeability.  verage  yield  of  wells 
Is  only  about  5-15  gjmi.  Water  is  moderately-  to  highly- 
mineralised  and  hard  but  does  not  conx)nly  contain  ?b- 
Jectlonabls  concentrations  of  any  constituent  except 
hardness-forming  minerals.  Rxaioff  from  outcrop  is  ex- 
tremely  flashy  because  of  low  permeability  of  thin 
soils  and  maall  ground-water  storage  capacity  available 
to  sustaiin  base  flow. 
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Light -gray  or  yellor  ne.iiiB-  to  coarse-grained  arkose  (sand- 
stone containing  such  feldspar  and  sose  mica);  maaller 
amounts  of  conglomerate,  fine-graioed  red  or  brerwn  sand- 
stone, and  soft  red  shale.  Lover  paz^  of  formation  is 
generally  scmevtiat  -^oarser  grained  than  upper  part.  Beds 
are  coemoiLly  Lenticular , althoui^  thicker  beds  an.i  ee- 
quences  of  beij  nay  extend  for  many  miles.  Arkose  and  con- 
glomerate form  ridges;  soft  red  sandstone  and  shale  form 
intervening  raLIeys.  Soils  variable;  are  thickest  and  ox>st 
permeable  oa  c^arae-grained  arkoae  and  coogXcnerate . 


dray  or  brown  shale  and  fine-grained  sandstone;  some  anthra- 
cite ooal,  fire  clay,  ana  black  carbonaceous  slate  or 
ahale;  scattered  lenses  of  coarae-grained  sandstone  and 
conglcmerate.  Coal  beds  are  most  persistent;  other  beds 
are  lenticular  and  change  in  character  within  short 
distances.  In  valleys  surrounded  by  canoe-shaped 
ridges;  weathers  to  sandy  losm. 


One  of  the  ie:>8t  productive  of  the  hard-rock  formations. 

Most  water  occurs  under  confined  or  semlconf ined  condi- 
tions in  weathered  zone  within  about  500  feet  of  the  land 
surface.  Rocks  having  highest  permeability  are  coarse- 
grained arkose  and  conglcsierate  which  contedn  water  in 
intergranular  openings  where  original  cementing  material 
has  been  removed  by  weathering,  as  well  as  in  fractiu*es. 
Yields  of  modem  drilled  wells  ccsmioaly  exceed  50  gpm 
and  may  locally  exceed  500  gpm.  Water  contains  moderate 
concentrations  of  dissolved  solids  and  hardness-forming 
minerals  and  Is  generally  lov  In  iron  content;  concentra- 
tion of  sulfate  is  high  in  places.  Runoff  from  outcrop 
probably  is  less  flashy  than  that  from  other  formations 
of  the  Triasslc  Lowland. 

In  coalKnining  areas,  unimportant  as  source  of  potable 
water  because  of  high  acidity  of  water  resulting  from 
oxidation  of  iron-sulflde  minerals  associated  vlth  cosl 
and  also  because  of  extensive  dewatering  of  formation 
in  mining  operations.  In  uz&ined  areas,  usually  yields 
less  than  100  gpm  of  water  to  wells;  even  this  water 
onnonly  hae  high  concentrations  of  diasolved  iron  sad 
sulfate.  Rxinoff  characteristics  of  outcrop  are  not 
well  known,  are  altered  considerably  from  natural  con- 
dllioDS  by  mining  operations. 


Hard  quartzose  congloemrate  and  coarse-grainsd  sandstone;  a 
few  thin  beds  of  coal  and  carbonaceous  slate  or  shale. 
Becomes  thinner  and  finer  grained  toward  the  northeast. 
Conglomerate  forms  ridge  enclosing  coal  basins  under- 
lain by  Allegheny  formation. 


Alternating  ienticuUr  beds  of  red  shale  and  green  sandstone 
some  lenses  of  c«./m>'iomerate  in  upper  part,  formation  is 
thickest  and  coarsest  in  Schuylkill  County,  Pa.{  north- 
ward it  thins  abrurtly  and  green  shale  beccoes  more 
pronlneut.  Pormt  valleys  between  ridges  held  up  by  Pocono 
and  PottsvlLLe  formations;  weathers  to  silty  soils  of 
shfLllov  to  moderate  lepth. 


f 


I 

I 


A. 


Or«y  or  r*Uovlah-cr.ty  quart«>M  Modston*  and  concloa- 
•ratoi  aoM  thin  bada  of  graanlah-cray  aamUtona,  :raUov, 
(roan,  (raj,  aad  rad  abala,  and  local  thin  bads  of  coal. 
Lika  tba  PettsTlUa  and  Nauok  Chunk  fomtlons.  It  ba- 
ccawa  thtnaar  and  flnar  p'alnad  tovnrd  tba  north.  FOraa 
proalnant  rld,ai|  aoatbara  to  ttonjr  lolls  of  sbsUow  to 
■odsrsta  dspth. 


Soasahst  laattealsr  bods  of  rod,  (raor,  or  groan  sandstona, 
ahnls,  and  sobs  coaglcBarata . Ilsprosoats  s nat  noiasr- 

tna . probsbijr  dslt.i  - . irooslti  toward  tba  vast,  lowar 


Practuros  In  conglooarata  and  aandatooa  contain  wmtar  that 
la  ganarally  conflnod  by  bada  of  ahala  or  alata  at,  In 
placai,  by  unfractured  coaraa-gralnad  rock.  Many  walla 
flew  during  at  ieaat  part  of  the  yaar.  Moat  drllXsd 
walla  tapping  the  Pottarllle  range  In  depth  froa  1)0  to 
1,000  feat  and  yield  50-150  KP»  of  water  which  la  eult- 
able  In  quality  for  noat  purpoaaa  without  traataant. 

] Runoff  fro*  outcrop  probably  la  at  least  nodarately 
flasny  Dacausa  of  rugged  topograiihy  and  thin  aolla. 


Moat  Important  aourca  of  ground-water  auppllaa  In  north- 
eoatem  part  of  Valley  and  Ridge  prorlnca  within  the 
basin,  Racama  aah>le  recharge  becauaa  of  Ita  low 
topographic  poaltloa  and  yialda  15-3*^5  gp*  to  Induatrlal 
and  municipal  walla  100-600  font  deep.  Alao  an  liqx>rtant 
and  reliable  aourca  of  dcnaatlc  and  farm  auppllaa. 

Water  In  bada  of  aandatona  la  conflnad  by  laaa  pameoble 
beda  of  shale,  and  many  daap  walla  flow.  Water  la  lew 
In  ulaaolvad-aollda  content  and  la  aoft.  Runoff  char- 
Roterla'lca  of  outcrop  are  not  well  known. 


Potentially  a prexluctlra  formation,  but  little  daetlopad 
at  prasant  owing  to  ruggad  tarrana  of  ita  outcrop.  '<na 
walls  flow  during  tbs  winter.  Water  appaara  to  be  of 
good  chOBlcal  quality.  Straaaiflow  charactarlatloa  of 
outorop  mot  wall  known. 


ffoa't_ast«na'lwa  vatar.^anBg  ailt  within  reach  of  walls 
In  ban In.  Bads  of  coaraa-grnlnn*  aanSatona  ganarhlly 
■ore  jiai naatila  than  Intarbaddad  flna-gralaad  aondatone 
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Tocuti 

formation 

— 

i,6oo  * 

} 

gi'sen,  gray,  re  e,.ols,  anu  locaj.  J 

Like  the  PottsvUla  and  Nauch  Chunk  for) 
castes  thinner  and  finer  grained  tcsrard 
prominent  ridges;  veathsrs  to  stony  sol 
moderate  depth. 

CatskllU, 
foraatlon  2/ 

6,000  1 

Somewhat  lentlonlar  beds  of  rad,  gray,  or 
shale,  and  soma  conglomerate.  Represent 
Ins,  probably  deltaic,  deposit;  toward  t 
part  contains  marine  tongues  equivalent . 
Isadlton  groups,  tfaderllss  most  of  Appa 
forms  valleys  and  lew  ridges  In  Talley  s 

Mlddla 

Portage  group, 
as  used  In 
Pennsylvania 

1,500 

Sandstone  Interbedded  vlth  sandy  shale  anj 
Is  hard  gray  to  greenish  gray,  thin  to  t 
micaceous;  shale  and  sandy  are  gre 

gray  to  black,  and  locally  fosslUferoua 
Ridge  province  forms  broad  ridges  bavin.; 

and 

Upper 

Dsvnnlan 

Hamilton 

group 

Mahantango 
formation 
of  Willard  (1935) 

1,600 

Dark  -gray  shale.  In  part  hard  and  slaty;  ; 
flaggy  sandstone,  and  sandy  shale;  thin  1 
shale;  and  la  vg^mi  part  a prominent  boo 
ous  lq>ore  limestone,  known  locally  as  til 
reef.  Less  resistant  to  erosion  than  ova 

Msrcellus 

shale 

900 

- 

Dark -gray  to  black  shale,  sandy  shale,  cii 
stone : some  slaty  shale  in  lover  part . 
is  covered  by  glacial  outvaah  throughout 
northeast  of  Stroudsburg,  Ps. 

j C 

c 

o 

c 
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> 
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K5-315 

Lover 

and 

Onondaga 
line stone 

250 

Dark-gray  ebarty  llmsstona,  shaly  llmastoi 
Thins  Bouthwestvard . Toms  narrow  lcw-1 
veathsrs  to  dark  clay  loam. 

1 

Middle 

DeTonlan 

Esopus 

shale 

375 

Dark  aandy  ahala  and  limy  ahale  having  prt 
eleavaga.  Coaraeet  and  thickest  in  nor) 
Jarsey;  thins  toward  the  southwest  In  Pi 
toward  the  northeaat  In  Rev  York.  Port.l 
tensive  areas  of  bars  rock. 

. 

Orlskaoy 

sandstone 

175 

Granular  quarts  aondatooc  and  flne-graln-j 
aome  aandy  fosalUferoua  llsieatone,  chej 
^;andy  llmeatone  predomlnatea  In  Hev  Jen 
narrow  ridgea  and  weathers  to  sandy  lou 

Lover 

DeTonian 

Port  Even 
limestone 

190 

In  lev  Joraey  and  New  York,  poorly  expoac; 
Pennsylvania  now  known  to  be  present . 

Becraft  limestone 

20 

Bard  gray  cberty  limestone,  foatlllferoua 

Helderberg 

Vev  Scotland 
llJMatona 

160 

Limy  shale  and  hard  cherty  limestone. 

group 

Stormrllla  sandstone 
of  Weller  (l^) 

10 

Limy  sandstone. 

u- 



Coeymans  Urns stone 

75 

Pure  to  aandy  limestone,  highly  fotalllfc 

Manlius  limestone 

r-  37  — 

Dark-blue  to  nearly  black  loaslllferoua  1 

Rondout  limestone 

ko 

TblaXy  lamiikAtfta  llmeftoiM;  near  top  Incl 
•lltyp  doXoaltlc  lljMstono. 

Decker  limestone 

90 

In  Panosylvaola,  thick-beaded  limy  sandst 
llmeatone . 

Bossardsrllle 

limestone 

100 

Banded  fine-grained  bluish-gray  llmeatone 
llmaatona  In  placee  having  coliamar  etn 

c 

315-350 

Wills  Creek 
shale  2J 

200  t 

Vnfoaslllfaroas  buff,  green,  and  varlegati 
shale;  hard  bluish-gray  fosalUferoua  c; 
stone  near  the  tase. 

. 

w 

3 

v> 

lloonsburg 
rad  bens 

2,000 

Rad  or  grean  ahala  and  sandstona)  a Uttli 
near  base.  Tbrmatlon  probably  nonsarlnc 
Toms  northwest  slopa  of  ridge  known  as 
Mountains  In  lew  York,  Klttatlnny  Mounti 
and  Blua  Mountain  In  ftnnaylvanla. 

Ohavang-  oik 
cooglaaeiate 

V777777777777777T77, 

1,900 

r^TTTTTTT? 

Bard  quartsltlc  sandstone  end  conglomarate 
beda  of  shale.  Darlves  Its  nma  from  at. 
parhaps  tba  moat  proadnant  rldga  In  the 
provlnca . 

Dppar  500  fast,  wall-torted  madltm-  to  fli 
sandstona  or  grayvacka,  camented  In  low* 
im  carbonate,  and  a few  lenses  of  abai^ 

on 

l.’OO  * 

■ 

Lika  t:^a  Pot.ivi  ia  .mu  Mau.  to  Cbunk  fumat^ona.  It  ba- 
eamat  tbinnar  and  finar  gralnad  toward  tha  nortb.  Forma 
prcadnant  ridget;  veatbara  to  atony  aolls  of  aballow  to 
■odarata  depth. 

waxla  flow  during  tua  winter,  wntar  nppaara  to  be  of 
good  chemical  quality.  Stromflow  cbaractarlatloa  of 
outcrop  not  well  known. 

V 

6,000  1 

Somewhat  lantlealar  bade  of  rad,  gray,  or  green  sandatona, 
abala,  and  aoaw  congloamrata . Rapmaanta  a Tmat  nonmar- 
ina,  probably  deltaic,  depoaltj  toward  tha  want,  lowar 
part  contalna  aarlna  tonguaa  aqulvalant  to  Portage  and 
Hamilton  groupa.  Ubdarllaa  moat  of  Appalachian  Plataaua; 
forma  Talleya  and  low  rldgaa  In  Tallay  and  Rldga  prorlnce. 

Moat_axtbna1vw  water ^Hearing  milt  vltbln  reach  of  wella 
In  basin.  Bada  of  coaraa-gpalnaid  mandatoaa  genarbUy 

more  permaabla  than  Intarbaddad  fine-grained  aandatona  ^ 

and  abala,  although  In  placet  bada  of  thln-bedded, 
flaggy  aandatona  and  sandy  abala  In  CataklU  formation 
are  reported  to  be  good  water  producers.  Reported 
yields  of  wella  range  from  nearly  0 to  60O  gpm;  large 
deep  drlUad  wella  iTinly  yield  more  than  100  gpm. 
However,  great  varlatlona  In  productivity,  water  levela, 
and  cbanlcal  character  of  water  are  known  to  occur 
within  abort  dlatancea.  Many  valla  flow,  at  least  dur- 
ing the  winter.  Water  la  soft  and  low  in  dlaaolved- 
aollds  content  but  locally  contalna  hydrogen  aulflda 
and  objectionable  quantitlaa  of  dissolved  Iron.  Run- 
off from  outcrop  la  ondarataly  to  hl^ly  flashy,  de- 
pending In  part  on  tblcknesa  and  character  of  nantling 
glacial  dapoalts. 

1,500 

Sandatona  Intarbeddad  with  *»ndy  waaia  and  abala.  Sandatona 
la  bard  gray  to  graanlah  gray,  tbln  to  thick  bedded,  and 
mlcacaouaj  abala  and  aandy  abala  ara  graenlah  or  blulah 
gray  to  black,  and  locally  foaalllferoua.  In  Tallay  and 
Rldga  proTlnca  fonaa  broad  rldgaa  baTlng  modarata  relief. 

go 

a 

?35) 

1,600 

Dark  -gray  abala,  In  part  hard  and  alaty;  tbln-badded, 
flaggy  aandatona,  and  aandy  abalaj  thin  bada  of  limy 
abala;  and  la  upper  part  a promlnant  bad  of  foaalllfar- 
oua  li^nra  llnaatona,  known  locally  aa  tha  Centerflald 
reef.  Laaa  realatant  to  aroalon  than  owar lying  fomatlona. 

1 

*“■  ■ - - 1 

900 

Oirk-gra^  to  black  ahalt,  aandy  shaila,  clayvtona,  and  illt- 
atone;  aoae  alnty  shale  In  lover  part.  Fonts  valleys  and 
Is  covered  by  glacial  outvash  throughout  aost  of  outcrop 
northeast  of  dtroudsburgp  Ps. 

km . - - . . 

Yields  aawll  (1-25  gpm)  but  dapandabla  rtoamatle  supplies 
of  good  water  from  fractures.  Runoff  probably  la 
flashy  except  where  overlying  glacial  deposits  are 
thick  and  pamaabla. 

250 

Dark-gray  cbarty  llMatona,  abaly  llmeatona,  and  limy  abala. 
Thlna  aoutbvaatward . Poma  narrow  low-lying  belt; 
waathera  to  dark  clay  loam. 

Solution  channals  yield  20-100  gpm  to  drilled  wells; 
froctumd  llnaatona  lacking  such  channals  yields  only 
about  l-$  gpm.  Water  la  hard,  but  softer  than  water 
from  most  llmestonss.  Straamflov  cbaractarlstlcs  of 
outcrop  not  known. 

375 

Dark  aandy  abala  and  lla;y  ahale  having  pronounced  alaty 
cleavage.  Coaraaat  and  thlckeat  In  northvaatam  Hew 
Jaraay;  tblna  toward  the  aouthweat  In  Peonaylvanla  and 
toward  the  northaaat  in  Hew  York.  Poma  rldgaa  with  ax- 
tanalva  areaa  of  bare  rock. 

Hydrologic  properties  largely  unknown.  Runoff  from 
outcrop  la  probably  flashy  owing  to  rugged  topography 
and  tbln  soils. 

-1 

J 

175 

Oranulsr  quarts  sandstone  and  fine-grained  conglonerste; 
so«e  sandy  fosslllferous  limestone,  chert,  and  shale. 
*Dsndy  limestone  predcnlnates  in  Mev  Jersey.  Fbms 
narrov  ridges  and  weathers  to  sandy  loam. 

Granular  aandatona  and  coogloneratc  contain  nail  to 
modarata  amounts  of  vater  betwmen  graioa  vtoera  ramaot 
haa  b«ao  removed  by  aolution  in  ve^therea  tone,  else- 
where onlo^  very  small  quantitlea  of  water  Kre  rontaloei 
in  fractures.  Few  wella  tap  this  formatloa  becauae  of 
ite  inextenaive  and  ru^ed  outcrop  and  Its  steep  dip. 

1 

r 

In  Haw  Jaraay  and  Hew  York,  poorly  eicpoaed  abala;  in 
^90  Paonaylranla  now  known  to  be  preaent. 

Hydrologic  properties  largaly  unknown  becauae  of  the 
scarcity  of  wells  tapping  these  formations.  Beds  of 
limestone  probably  conteiin  moderate  quantities  of 
vater  in  Joints  and  solution  channels,  whereas  geu- 
erally  mssll  aa»unts  are  contained  in  the  shales. 

out 

2Q  Hard  gray  cbarty  llneatone,  foaalllferoua. 

160 

Limy  shale  and  hard  cherty  limestone* 

Bloat 
OO)  1 

10 

Limy  .andatona . 

rtone 

75 

dura  to  aandy  llmeatona,  highly  foaalllferoua. 

tone 

35 

Dark-blue  to  nearly  black  loaalllfaroua  llmeatona. 

ton*  I 

ko 

Thinly  Inmlnatau  llmeatona;  near  top  Incluues  a bad  of 
allty,  dolcmltlc  llmeatona. 

Iona  ' 

90 

In  Pannnylvaaln,  tnlck-beuaad  limy  aandstona  and  tamm 
llmaatoaa . 

. 

100 

Handed  flna-gralnad  blulah-gray  Ilmaatone  and  banal  alaty 
llmeatona  In  placet  having  coltanar  atructure. 

200  t 

Vnfoaslllfarona  buff,  green,  and  variegated  beda  of  limy 
abala;  bard  blulab-gray  foaalllfaroua  cryatalllne  llma- 
atoae  near  the  taaa. 

R 

2,000 

Had  or  groan  abala  and  aandatona;  a little  conglomarata 
near  baae.  Ihimatlon  probably  noiaarlaa,  at  laaat  In  part. 
Ftarma  norttawmat  alopa  of  rldga  known  aa  miMangunw 
Mountains  In  law  York,  Klttatlnny  Mountains  In  Hew  Jersey, 
and  Blua  Mountain  In  Pannaylvanla . 

Bada  of  saadatoma  capable  of  yielding  aubatantlal  supplies 
of  water;  ahale  beds  ara  laaa  permaabla,  on  tha  average. 
A rallabls  source  of  supplies  In  Monroe  County,  Pn., 
whara  reported  yields  of  12  wella  range  from  2 to  200 
gpa  and  average  about  100  gpm.  Water  probably  it 
moderately  mineralized  and  fiOxly  soft.  Runoff  tr<m 
outcrop  believed  to  be  rather  flashy. 

1 

1,900 

Hard  quartiltlc  aandatona  and  conglisarata  and  a few  tbln 
beds  of  abala.  Darlvaa  Its  nma  from  and  forms  what  la 
perhav*  tbs  most  prcmlnant  rldga  In  the  Tallay  and  Rldga 
proTlnca. 

Highly  fractured,  brittle  quartiltlc  aandatona  and  con- 
«l««rate  sufficiently  permeable  to  yield  100-200  gpm 
or  more  to  modem  drilled  wella.  Water  occura  under 
confined  conditions,  at  least  locally,  and  soma  wells 
flow.  Water  auppllas  ara  not  extanalvaly  developed 
owing  to  rugged  topography  of  Iti  outcrop.  Water  la 
reported  to  be  of  excellent  quality.  Runoff  from  out- 
crop la  probably  flasby. 

^//y77r7777y777?. 

Upper  500  feet,  well-sorted  medium-  to  fine-grained  arkoalc 
aendatone  or  pmywacka,  camsntad  In  lower  part  by  calcl- 
)■  carbonate,  and  a faw  lenaet  of  abala  and  conglomarata . 
Urwer  3.500  fast,  banded  blulab-gray  abala  and  alatai 

Shals  ylsMs  BsXl  but  dmpsndnbls  suppllss  of  vntsr,  mostly 
from  sscondnry  opsnlngs  In  tons  of  wmsthmrmd  rock  mt 
dspths  of  Inss  thsn  200  fmst . Sandstons  mty  bs  somsvtiat 

mors  Dpoductlvs.  cm  th*  a »_a-..a- J 

U>jp*r 

OrdoTlcian 


Martlnsburg 

■hale 


Mlddla 

OrdoTlclan 


I«««r 

Ordovlc Ian 


Oppar 

Caabrian 


MtddXaC?) 

Caabrian 


Jackaonburg 
liaa  atone 


lark  akaljF  or  alaty  Ijvwa  Uaaatoaa  and 
ahala  ahlch  Incroaaa  In  abuodaace  tovar 
Cictenalraly  quarried  aa  "cMent  rock" . 
aargtxM  of  rallaya;  veathera  to  vell-dr 
red  loaa. 


Qrair  to  blue  dolondte  and  dolcaltlc  llasi 
oua  and  ahaly  be  la.  Foma  vallaya  ana 
trained  yellowlah-rel  loan. 


bearer 

Caabrtan 


OlaaarB 

aerlaa 


Patera  Creek 

aclilat 


Vtaaahlckon 

fomation 


Cockayrvllle 

marble 


Maaaive  nedlua-  to  coarae-grailned  white  t i 
augary  aarble,  in  placaa  containing  lena 
achlat.  Scattered,  Irregular  axpoaurea 
PladBont  province.  Weathered  cone  of  cl 
thicker  than  $0  feet. 


Settera 

fomation 


Oranltlc  to 
gabbrolc  rocka 


intrauiflc  rooka 
Including  aaepantlna 


Indefinite 


Indefinite 


Quarttlte,  quartxltlc  achlat,  and  alca  gpt 
rldgea  and  alopaa  bordaring  vallaya  unu( 
Cockeya villa  narbla. 

Medluai'  to  coarae-gralned  cryatalllna  rod 
granite,  quartt  Ktnaonltc,  granodlorlta 
dlorlta,  anortkoalte,  and  ^bbro;  ccBoi 
gnalaaoaei  locally  naaalve,  not  dlfferei 
varloua  gnelaaaa  of  Precanbrlan  age,  or 
aerlaa,  where  Intlnataly  v gradatlonalli 
tboae  unlta.  Probably  of  both  Igneoua  ( 
origin.  Foma  lently  rolling  to  hilly  < 
weatbara  to  aandy  clay  or  clay. 


Chiefly  aarpentlna,  netapyroxenlte,  and  nJ 
mall  naaaea  at  acattarad  localltlaa  In 
Upland.  Pome  barren,  rocky  outcrops 
rldgea.  j 


province . 

flow,  aiuter  Bupplle.  aia  not  extensively  uevelopcd 
uvlng  to  rugged  topography  of  Its  outcrop.  Water  Is 
reported  to  be  of  excellent  quality.  Runoff  from  out- 
crop Is  probably  flaeny. 

y///zm 

Oppar  500  faet,  vall-aortad  aadlta-  to  flne-gralnad  arkoalc 
sandstone  or  grayvscke,  cesMnted  In  lover  part  by  calci- 
)B  carbonate,  and  a fev  lenses  of  sbals  and  eongl oaerate . 
lower  3 >500  feet,  banded  blulsb-gray  shale  and  slate; 
soae  fine-grained  llay  sandstone  and  soae  red  beds, 
fbras  the  higher,  more  dissected  and  hilly  part  of  the 
(treat  Valley;  westhers  to  an  laq>erfectly  drained  clay 
loam,  at  most  plokee  lass  than  3 feet  thick. 

Shale  yields  Mali  but  dependable  eupplles  of  water,  mostly 
from  secondary  openings  In  zona  of  weathered  rock  at 
depths  of  less  than  200  feet.  Sandatona  may  be  somewhat 
more  productive,  on  tha  average.  Moat  wella  yield  leas 
than  50  gpm,  but  a few  yield  100-250  gpm.  Water  gen- 
erally contains  less  tbM  200  ppm  of  dlasolvad  solids 
and  tana  a hardnaas  of  less  than  100  ppm.  Iron  content 
rarely  exceeds  1 ppa  but  la  aetioeable  at  soam  pieces. 
Rumoff  frem  outcrop  la  very  flashy. 

B 

4,000  i 

[ 

700 

Imark  ahaly  or  slaty  laws  llmeatoae  and  thin  bads  of  llay 
shale  which  Iscreaae  In  abundance  toward  top  of  formation. 
Extensively  quarried  as  "cement  rock".  VOms  slopes  at 
margins  of  Talleys ; weathers  to  well-drained  yellowish- 
red  loam. 

Water  oooors  under  uaeonflmsd  te  coonaed  coed  it  leas, 
almost  entirely  In  fracturaa  amd  solution  openings. 
Occurrence  of  these  secondary  op>aBlngB  it  extremely 
irregular  and  difficult  to  predict,  although.  In  gen- 
eral, solution  openings  are  mort  abundant  near  streaeia 
and  least  abundant  In  the  ahaly  formations  or  parts  of 
foreiatlons.  Most  solution  openings  occur  between  depth! 
of  50  and  about  300  feet,  although  soma  openings  deeper 
than  1,0(X)  feet  are  reported.  Tlelde  of  wells  In  the 
carbonate  rocks  range  more  widely  than  in  any  other 
aquifers  In  the  basin;  yields  of  froai  less  than  5 to 
nearly  1,500  gpm  are  reported,  although  few  wells  pro- 
duce more  than  500  gpm.  Most  of  tha  water  is  moderately 
to  very  hard  and  contains  moderate  amounts  of  dissolved 
mlnaral  matter.  r«ftsnlng  is  required  for  soaie  uses. 
Runoff  from  outcrop  includes  a relatively  high  propor- 
tion of  ground -water  discharge  and  '■anke  with  runoff 
from  sandy  parts  of  Coastal  Plain  In  having  the  least 
flashy  character  In  the  basin. 

2,000 

Oray  to  blue  dolomite  and  dolomltlc  llaastone,  scase  alUea- 
ous  and  shal;’  beds.  ?t>ras  valleys  and  weathers  to  well- 
Iralned  yelloulsh-red  loaai. 

tOZM 

9) 

500 

Alternatlog  light  and  dark  dolcmltlc  lljMStoiie>  abundantly 
fotslliferouB  in  places.  Poras  lovlands. 

at 

t», 

0) 

900 

Altaroatlng  light-  and.  dark-gray  doXoaltlc  lljseatone  and 
dolcBlte,  abundantly  fosalllfaroua . Fonaa  lovlanda 

— 

900 

Thlck-beddad  dolosltlc  limestone  and  dolomite;  many  beds 
of  finely  micaceous  shale.  Oradea  upward  Into  Lliwport 
limastone . Forms  lowlanda  and  low  hills . 

1,000  - 

rtolomlte,  thln-bedled  and  locally  clayey  or  shaly,  serl- 
cltlc  shale,  ml  thick-bedded  dolomltlc  l^MStone. 
Equivalent  to  ledger  dolcnlte,  Klnxers  fonatlon,  and 
Vintage  dolomite  of  the  Piedmont  province. 

1 

t 

200  ± 

CcBiprlses  a variety  of  more  or  leee  quartzoee  rocka.  In- 
cluding eandetone,  conglomerate,  quartzite,  chert,  hard 
shale,  and  micaceous  quartz  achlst.  Forsm  ridges  or 
abrupt  slopes  at  valley  margins  and  vsatbera  to  thin  soils 
of  gray  to  graylah-brown  atony  loai.  ^yproxlmately 
equivalent  to  Antletam  sandstone.  Harpers  schist,  and 
Chlcklaa  quartzite  of  the  Piedmont  province  which  ere 
as  much  as  1,500  feet  in  total  thickness. 

Not  sufficiently  extensive  to  be  developed  very  much  for 
ground-water  supplies.  Most  abundant  water  la  In  highly 
fractured  tones  near  faults  and  near  contacts  wltb 
underlying  gneiss.  Water  le  low  in  dissolvad-sollds 
content,  and  very  soft . Most  drilled  wells  in  the 
CihlchlM  quartzite  of  the  Piedmont  province  are  lass  than 
200  feet  deep  end  yield  about  5*20  gpm. 

Micaceous  quartzite  and  schist;  a few  thin  beds  of  sandstone 
near  top.  Formation  contains  lass  feldspar  and  is  lass 
metamorphosed  than  the  Wlssablckon  formation  but  is 
otherwise  similar. 

Contains  water  In  open  fractures  and  also  in  Intergranular 
pore  spaces  in  weathered  zona.  Porosity  end  permeability 
generally  decrease  with  depth  so  that , wltb  few  excep- 
tions, little  water  can  be  obtained  below  about  300  feet. 
Ib'llled  walls  used  for  municipal  or  industrial  supplies 
yield  20-100  gpm  or  even  more;  most  drilled  doamstic 
wells  will  yield  2-20  gpm.  Water  usually  contains  less 
than  150  gpm  of  dissolved  solids  and  la  very  soft,  but 
in  a few  placet  It  has  objectionable  quantities  of  dis- 
solved iron.  Owing  In  large  part  to  tha  moderately 
high  Infiltration  capacity  of  the  soils  and  the  compar- 
atlvely  large  available  ground  water  storage  capacity 
in  the  thick  weethored  tone,  about  two-thirds  of  tb* 
runoff  from  the  outcrop  conslste  of  base  flow— largely 
ground-water  dlecharge. 

Ik 

2,000 

‘ 

8,000  ± 

Most  widespread  of  the  crystalllna  rocks  In  tha  Piedmont 
province.  Comprises  schist,  gneiss,  phylUte,  an(i.  quartz- 
ite and  Includes  masses  of  granlticto  .ebbrolc  rocks, 
ultramaflc  rocks,  and  pegmatite  dikes.  Micas  are  tbf 
MSt  Important  nlnnrals  In  the  schist  and  gneiss;  oth'sr 
important  constituents  are  feldspar,  quartz,  chlorlta,  ■ 
and  garnet.  Conslata  mostly  of  metamorphosed  sediment- 
ary rocks  but  Includes  also  soma  rocks  of  igneous  origin. 
Degree  of  matmorpblmi  incraases  southeastward . Forms 
dissected  upland;  weathers  to  yellow,  brown,  or  red 
soils  which  are  thick  on  broad  Interstraam  areaa  but 
thin  on  Btaep  slopea. 

200  ♦ 

Maaalve  madlim-  to  coarse-grained  white  to  bluish-gray 
sugary  marble,  In  places  containing  lenaea  of  limy  mica 
Bchlat . Scattered , Irregular  txpoMvrtu  In  valleya  In 
Piadmont  provlnct.  Weathered  zona  of  clay  le  nmiiiilj 
thicker  than  50  feat. 

Contains  water  In  solution  openings.  Joints,  and,  espec- 
ially la  lenses  of  limy  schist,  between  grains.  Thick 
weathered  zona  also  contains  substantial  quantltlca  of 
water.  Like  most  carbonate  rocks,  it  la  an  erratic 
water  producer.  Soma  wella  reported  yield  l(X}-bOO  gpm; 
but  others  In  zones  where  fractures  and  solution  open- 
ings are  scarce  or  absent  may  yield  only  a few  gallons 
per  minute.  Water  la  bard  and  requires  softening  for 
soma  uses. 

■ 

1,000 

Quartzite,  quartiltlc  schist,  and  mica  gneiss.  Fbrms  low 
ridges  and  slopes  bordering  valleys  underlain  by 
Cockeysvllle  marble. 

Yields  Mai  1 supplies  of  water  of  good  quality  from 
fractures. 

Iad«fUlt« 

Medlta-  to  coarea-gralaed  erystalliaa  rocks  Including 
granite,  quartz  monionite,  graaodlorlta,  quartz  dlorlte, 
dlorlta,  anortkoslte,  and  ^bbro;  cf  niily  somewhat 
gnelsaose;  locally  maaslvs,  not  differentiated  from 
various  gnslssee  of  Precaibrlan  age,  or  frem  Olenarm 
series,  where  Intimately  or  gradatlonally  associated  with 
those  units.  Probably  of  both  Igneous  and  metamorphlc 
origin.  Forms  gently  rolling  to  hilly  uplands; 
weathers  to  sanly  cley  or  clay. 

Contains  water  in  fractures  and,  near  the  land  surface. 
In  Intergranular  openings  In  weathered  rock. 

eka 

mtiam 

Xalaftjilt* 

Chiefly  serpentine,  aet^yrozenlta , and  metaperldotlta; 
Mall  naeses  at  seattared  loealitlea  la  Piedmont 
Upland.  Forms  barren,  rocky  outcrops  on  low  hlUa  and 

Contains  ms  1,1  quantities  of  water  In  fractures.  Water 
Is  bard  and  of  tbs  Ba0MSltmi  bicarbonate  type. 
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fom&t  Ion 


TcBift^-ovn 

lol.Ticl'*.* 


Sk2-  rton 


Pftters  ;;r*«k 
•clilat 


WlMahlckon 

formation 


Cockftyftvllle 

marble 


Sattcra 

formation 


1,000  - I 


200  ± 


2,000 


8,000  ± 


200  ♦ 


1,000 


OranlMc  to 
gabbrolc  z-oeka 


UltTMaflc  rocka 
Including  aaftpantlna 


Itmnklln 

Uaaatona 


Ooalaa  anti  ralatad 
cryatallXna  rocka 


Indftflnlta 


Indaflnlte 


Indeflaltft 


Plfuraa  adoptad  by  0.  8.  Oaologlcal  Surmy,  Oaologlc  ■aana  Condttaa,  I958,  axcapt  for 
aga  of  PracMbrlaa,  vblch  la  baaad  on  an  aatlmata  by  larrlaon  mwn  (1957). 

Baaeta  and  duna  aand,  narah  and  awi^  dapoalta,  and  allurlta  ara  all  eontaqraranaoua, 
at  laaat  In  part. 

Olaelal  outvaah,  atratlflad  glacial  drift  of  iqplanda,  tamlnal  and  racaaalonal  noralnaa, 
aad  glacial  till  ara  all  contamporanaoua,  at  laaat  In  part. 

In  vicinity  of  Vranton,  I.  t.,  Capa  Nay  foiaatloa  baa  not  baan  dlffarantlatad  with 
cartalnty  frca  glacial  outvaah. 

Ihiclaaalflad  dapoalta  may  bo  agulvalant  la  part  to  Panaaukan  and  krldgoton  formatlona. 


'T  nr.-Tiy  — iir  annje 

llnaatone . Forma  lovlanda  and  lov  b: 


OolcDlta,  tbln-bedlad  and  locally  claye 
oltlc  ahala,  rn!  thlck-baddcd  dolomlt 
Equivalent  to  ledger  dolomite,  Klnzer 
Vintage  dolomite  of  the  Piedmont  pror 


Ccaprlaaa  a variety  of  more  or  leaa  quo' 
eluding  aandatone,  conglomerate,  quarj 
■bale,  and  nlcacaoua  quartz  echlat.  ' 
abrupt  ilopei  at  valley  narglne  and  m 
of  gray  to  graylsb-brovn  etony  loan, 
equivalent  to  Antletan  aanditone.  Hart 
Chlcklee  quartzite  of  the  Piedmont  pr^ 
aa  much  an  1,500  feet  In  total  thlcknt 

Mlcaceoue  quartzite  and  ecblet;  a few  t 
near  top.  Formation  contalna  leaa  fa 
■etamorphoaed  than  the  Wlaaablckon  fo; 
otbarvlae  aimllar . 


Moat  wldaapraad  of  the  cryatalline  rocKi 
province.  Comprlaea  acblat,  gnelaa,  ] 
Ite  and  Includea  maeaea  of  granitic t. 
ultranafic  rocka,  and  pegnatlte  dikea 
■K>at  Inportant  nlnarala  in  the  achia 
important  conatituenta  are  feldapar, 
and  garnet.  Conalata  moatly  of  rnetam 
ary  rocka  but  Includea  alao  aome  rock 
Degree  of  metmK>rpblma  Increaaea  aouti 
diaaacted  upland;  veatbera  to  yellow, 
Bella  which  are  thick  on  broad  intern 
tbln  on  ateep  alopea. 


Maaaive  medium-  to  coarae-gralned  white 
■ugary  marble,  in  placea  containing  le 
achlat.  Scattered,  Irregular  expoaure 
Piedmont  province.  Weathered  zone  of 
thicker  than  50  feet . 


Quartzite,  quartzltlc  achlat,  and  mica  ( 
ridgea  and  alopea  bordering  valleya  ox 
Cockeyavdlle  marble. 


Mediimi-  to  coarae-gralned  cryatalline  r< 
granite,  quartz  monzonlte,  granodlorii 
dlorlte,  ancrtkoalte,  and  (Mb  bro;  coaai 
gnelaaoae;  locally  maealve,  not  diffei 
varloua  gnelaaea  of  Precambrlan  age,  t 
■eriea,  where  intimately  at  gradationa. 
thoae  unite.  Probably  of  both  igneo.i 
origin.  Forma  gently  rolling  to  hil.; 
weathere  to  aani;/  clay  or  clay. 


Chiefly  aerpentine,  metapyroxenlta , and 
Ball  maaaea  at  acattared  localltlea  1 
Upland.  Foma  barren,  rocky  outcropa 
ridgea. 


Coarae-  to  fine-grained  marble  or  dolcmt 
rally  containing  graqihlta  and  other  ml 
maaaea  aaaoclated  with  gnelaa  of  Praci 

Moatly  medliB-  to  coarae-gralned  gnelaeo 
from  light-colored  rocka  having  abunda 
apar  to  dark  rocka  containing  abundac  . 
bearing  mlnerala.  Includa  rocka  of  me 
Igneous,  and  Igneous  origin,  and  compi 
types.  Comprise  Pocbuck  gabbro  gnslaa 
gnalBS,  Byram  granite  gneiss,  Pickarlz 
gnelBBaa,  and  aeveral  kinds  of  unnamed 
tly  ml  ling  to  billy  uplanda;  weather 


^ Raritan  formation  of  Hew  Jaraay  mi 
7/  Brunwalck,  Lockatong,  and  Stockto) 
unltg  by  McLaughlin  ( In  OraeBai 
^ Catakill  formation  now  considared 
In  placea  It  Includea  equlvalan' 
2/  Locally  called  Pomono  laland  ahali 
10/  Martlnaburg  ebalc  hae  baan  called 


i 


900 

of  finely  Blcaceous  shale.  Grades  opvard  into  Llaeport 
liJMStoae . fbrms  lovlands  and  lov  hills . 

fron  sanuy  parts  of  Coastal  liaio  ia  having  toe  least 
flashy  character  io  the  basin. 

1,000  _ 

Oolanlla,  thln-b*dleJ  and  locally  clayay  or  ahaly,  aarl- 
altlc  sbala,  rnd  thlck-badded  doloailtlc  l^MStone. 
Enulvalant  to  Ledger  dolomite,  Klnzers  fonatlon,  and 
Vlnta^  dolomite  of  the  Piedmont  province. 

1 

1 

20C  i 

Ccmprlaae  a variety  of  more  or  lesa  quartzoae  rocks,  In- 
1 eluding  sandstone,  conglomerate,  quartzite,  cheirt,  hard 

1 shale , and  alcaceous  quartz  schist . Forms  ridges  or 

abrupt  slopes  at  valley  margins  and  vaathers  to  thin  soils 
of  gray  to  grayish-brown  stony  loam.  Approximately 
equivalent  to  Antletan  sandstone,  Earpars  schist,  and 
Cblckles  quartzite  of  the  Piedmont  province  which  are 
as  much  as  1,500  feet  In  total  thickness. 

Kot  sufficiently  extensive  to  be  developed  very  much  for 
ground^vater  supplies.  Most  abundant  vater  is  in  highly 
fractured  sonee  near  faults  and  near  contacts  vlth 
underlying  gneles.  Vater  Is  Xenr  in  dlssolved-soXlds 
content,  and  very  soft . Most  drilled  veils  in  the 
ChicldSB  quartsite  of  the  Piedmont  province  are  less  than 
200  feet  deep  and  yield  about  3-20  gpn. 

'////////  \ 

Micaceous  quain.slta  and  schist;  a few  thin  beds  of  sandstone 
near  top.  Formation  contains  less  feldspar  and  Is  lass 
metamorphosed  than  the  Wlssahlckon  formation  but  Is 
otherwise  similar. 

Contains  vater  In  open  fracttires  and  also  In  Intergranular 
pore  spaces  In  weathered  zone.  Porosity  and  pemaablllty 
gsnerally  dsefease  with  depth  so  that , with  few  excep- 
tions, llttls  water  con  be  obtained  below  about  300  feet. 
DrlU^  wells  used  for  municipal  or  industrial  suppllsa 

k 

\ 

2,000 

1 

8,000  ± 

Most  widespread  of  the  crystalline  rocks  In  the  Piedmont 
province.  Comprises  schist,  gneiss,  phylllta,  anii.  quartz- 
ite and  Includes  masses  of  granlticto  gabbrolc  rocks, 
ultramaflc  rocks,  and  pegmatite  dikes.  Micas  are  the 
most  Important  mlnarala  In  the  schist  and  gneiss;  other 
Important  constituents  are  feldspar,  quartz,  chlorlta,'- 
and  garnet.  Consists  mostly  of  metasurphosad  sadlsient- 
ary  rocks  but  Includes  also  some  rocks  of  igneous  origin. 
Dsgree  of  metmaurphlma  Increases  southeastward.  Forms 
dissected  upland;  weathers  to  yallow,  brown,  or  rad 
soils  which  are  thick  on  broad  Interstraam  areas  but 
thin  on  steep  slopes. 

yield  20-100  gpm  or  even  more;  most  drilled  dosiestlc 
wells  will  yield  2-20  gpm.  Water  usually  contains  lass 
than  150  gpm  of  dissolved  solids  and  is  very  soft,  but 
In  a few  places  It  has  objectionable  quantities  of  dis- 
solved Iron.  Owing  In  large  part  to  the  moderately 
high  Infiltration  capacity  of  the  soils  and  the  compar- 
atively large  available  ground  water  etorage  capacity 
In  the  thick  weathered  zona,  about  two-thirds  of  th- 
runoff  from  the  outcrop  conslate  of  base  flow — largely 
ground-water  discharge. 

< 

200  ♦ 

Matlive  aedliM-  to  coar»e-gralned  vhita  to  bluish-gray 
BUgaz^  aarble,  in  places  containing  lenses  of  liny  nlca 
schist.  Scattered,  irregular  exposures  in  valleys  in 
Piednont  province.  Weathered  zone  of  clay  is  ccBBK>nly 
thicker  than  feet. 

Contains  water  In  solution  openings.  Joints,  and,  espec- 
ially la  lenses  of  limy  schist,  between  grains.  Thick 
weathered  zone  also  contains  subatantlal  quantities  of 
vater.  Like  most  carbonate  rocks.  It  Is  an  arratic 
water  producer.  Some  wells  reported  yield  lOO-UOO  gpm; 
but  others  In  zones  where  fractures  and  solution  open- 
ings are  scarce  or  absent  nay  yield  only  a few  gallons 
per  minute.  Water  it  hard  and  requires  Boftenlog  for 
some  uses. 

1,000 

Quarttlte.  quartsltlc  schist,  and  mica  gneiss.  Fbms  low 
ridges  and  slopes  bordering  valleys  underlain  by 
Cockeyeville  aarble. 

1 Yields  Ball  supplies  of  water  of  good  quality  from 
fractures. 

> 

ka 

lodaflnlta 

Mcdlimi-  to  coarie-grslnsd  crystalllns  rocks  Including 
granlts,  quartz  nonzonlte,  granodlorlte , quartz  dlorlte, 
dlorita,  anortloaltc,  and  ^bbro;  coasonly  aomewtaat 
gnslaaoae;  locally  maaalve,  not  differentiated  from 
verlous  gneisses  of  Precambrlan  age,  or  from  Olmoarm 
series,  where  Intlnately <r  gradatlonaXly  associated  vltb 
those  unite.  Probably  of  both  Igneous  and  metamorphlc 
origin.  Forms  gently  rolling  to  hilly  uplands; 
weathers  to  eanJy  clay  or  clay. 

Contains  water  In  fractures  and,  near  the  land  aurface, 
in  intergranular  openings  In  weathered  rock. 

>cU 

mtUM 

’J7J 

Zadoflulta 
7J7jjyy . 

Cblafly  serpentine,  metapyroxenlte , and  metaperldotlte; 
smaJ.1  nmsaee  at  scattered  localities  In  Piedmont 
Ot>land.  Forms  barren,  rocky  outcrops  on  lov  hills  and 
rldgaa. 

Contains  Ball  quant Itias  of  water  In  fractures.  Water 
Is  bard  and  of  the  nagiiesltai  bicarbonate  type. 

r/r/ 

Coarse-  to  fine-grained  aarble  or  doloBiitic  marble  lo- 
cally containing  graphite  and  other  minerals.  ^ ^lall 
masses  associated  vlth  gneiss  of  Precambrisn  si^. 

ContsiAS  Mi&ll  to  moisrats  qusntitlss  of  hard  water  la 
Joints  and  geoeraliy  srarse  solutloo  openings.  Mot  a 
significant  sourre  .f  vstsr  because  of  its  limited  exten*  . 

Otakaoan 

Xatad 

cx;k* 

Imaftalt* 

i 

Mostly  medlta-  to  coarae-gralnsd  gnelsaose  rocks  ranging 
from  light-colored  rocks  having  abundant  quartz  and  feld- 
spar to  dsirk  rocks  containing  abundant  Iron-  and  magnaalta- 
bearlng  mlnarala.  Include  rocks  of  mstasedimentary,  meta- 
Igbaoua,  and  Igneous  origin,  and  cosQ)lex  mixtures  of  these 
types.  Caaq>rlse  Pocbuck  gabbro  gneiss,  Loses  dlorlte 
gnelee.  Byram  grenlta  gneiss,  Pickering  and  Baltimore 
gnelasea,  and  several  kinds  of  unnamed  gneiss.  Fbrm  gen- 
tly rolling  to  hilly  uplands;  weather  to  sandy  clay  or  clay.j 

Contain  vater  In  weathered  and  fractured  zones.  As  In 
other  cryatalline  rocks,  porosity  and  permesd>lllty  gen- 
erally decrease  with  depth.  Oenerally  similar  to 
Wlssahlckon  formation  In  well  yields,  chBlcal  character 
of  water,  and  etreemflow  characterletlce  of  outcrop. 

iS,  axcapt  for 
>57). 

■poruMoua, 
iloud  ■oraiM*, 
Latad  vltb 

^ Barltan  formation  of  Bev  Jersey  nay  Include  equivalents  of  Patq>sco  and  Patuxent  formations  of  Delaware. 

2/  Brunwslck,  lockatoag,  and  Stockton  formations  considered  as  llthofacles,  rather  than  distinct  stratigraphic 
unlt^  by  McLaughlin  (in  Oreeoman,  1955). 

d/  CataklU  formation  now  considered  as  a continental  phase  or  facies  by  moat  geologists  familiar  .with  the  area. 

In  placea  it  Includes  equivalents  of  the  Portan  group  and  ths  Nahantango  formation  (table  6.) 

9/  Locally  callsd  Pamono  Island  shals  (of  Whits,  1982). 

10/  Martlnsburg  ehale  has  hssn  callsd  s formation  or  a group  by  sems  gsologlsta  working  In  ths  aima  (tsbls  6). 

>n  fmatlona. 


Table  6.  Inferred  correlation  of  stratigraphic  units  of  Paleozoic  age  in  Appalochian  Highlands  portion  of 
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